Halo- and organogold(I) complexes as potential metallomesogens by Hess, Fiona Millicent
Halo- and organogold(1) complexes as potential 
metallomesogens 
A thesis submitted to the 
University of Cape Town 
in fulfilment of the requirements of the degree 
Master of Science 
Department of Chemistry 
















The copyright of this thesis vests in the author. No 
quotation from it or information derived from it is to be 
published without full acknowledgement of the source. 
The thesis is to be used for private study or non-
commercial research purposes only. 
 
Published by the University of Cape Town (UCT) in terms 





















see a world a grain of sand 
And a n ... ",,, ..... in a wild flower, 
in the palm of your hand 
l·a""rn.l'u in an hour. 
William 
Auguries if Innocence 
Solitude is as needful to the imagination 
as society is wholesome for the 
James Russell 
Dryden in Literary }2,:!i,.)UJI:!i 
that Spring should vanish 
Youth's sweet-scented Manuscript close! 
Nightingale that 
Ah whence, and whither 
The H1I,nnl1Jn-r qf Omar Khayyam 











J. Moss for advice and encouragement in more than just chemistry and 
Hutton in assistance with liquid crystal matters. 
Prof M. Cairo for assistance with X-ray crystallography, Dr S. Churms for advice on 
style and encouragement and 
identifying liquid crystal phases. 
and Prof D. Bruce for assistance 
all my friends and family, and large ways me 
thesis. Although unfair to out a thank-you Shawn, 
And to Julius, my good friend and confidant, special thanks for your patlenc:e 
care. 
Members of the organometallic research group at UCT for 




Dr K. Dimitrova 
Miss A. .• nu"",. 
Dr. P. Boshoff for 
analysis, Mr 
analysis, Mr. P ...... ..,UUJl.., .. ' .... 
mass spectrometry analysis. 
analysis, 
ele]melrltal analysis and 
Imrie and Dr. E. 1. 
Starr are acknowledged for providing some n-OST ligands and 
Johnson Matthey loan of gold and palladium 












.. t"",e"".,t in how the properties of liquid crystals may 
recently been 
There is currently 
by metal atoms. 
exhibit ntM'pdi 
complexes of the 
liquid crystal behaviour. and ntelrmclleclular 
forces playa major role in liquid crystal chemistry, changing the nature of the R and L 
groups result in cn~Lng.es mesomorphic properties. 
The aim of the 
to invc~sti~~ate 
was to synthesise complexes with stilbazole ligands and 
different R groups liquid crystal properties. 
OST) coIrlple:x:es. n"()ST = trans-4,4'-alkoxystilbazole with n = number atoms 
in the alkoxy were synthesised ClAu(tht) and n-OST. They were to 
exhibit A mesophases, melting 135-153 °c and decomposing at the 
clearing point at 168-180 °c. The transition temperatures decreased as the chain 
length of the ligand increased. 
complexes, R = 4-Ct;F ~r or were 
synrtneslSC=<l by reacting the l:I ... .,.r ....... '"l:I't"" perhaloaryllithium 1 'IOiaE,'l;iJ:n CIAu(tht), 
followed displacement oftht with These complexes predominantly 
nematic phases and also partially decomposed at the points. Mononuclear 
.... VI.,UUJ ..... A';;i) had similar melting (148-166 °C) and clearing °t) temperatures 
to analogous CIAu(7-0ST) complex. The 1-l-4,4'-C~4C~4 group resulted in 
mcrea:sed melting (206 °C) (246°C) due to increased 
of the mOlecllue. \;Olflou.cmmy F AB mass .,n",MrI·U'I'I':otn.r and a """"Mol 
structure of C~5Au(7-0ST) sUgjgest that the RAuL investigated in this 
study are neutral and monomeric structure with no bonding interactions or 
rc-stacking affecting liquid crystalline properties. It was not possible to synthesis 
complexes were R phenyl, methyl or iodo and aikyiAuPPh3 complexes did 
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CHAPTER 1. Introduction 
interest materials which combine the properties liquids (molecular mobility 
and fluidity) with properties normally Q..,,,,U,,,'lQ',,'Y with the crystalline phase 
optical and anisotropy) is the driving force behind the multidisciplinary field 
of liquid crystal research, involving overlap between chemistry, physics, biology, 
electronics and engineering.1.2 Electro-optical liquid-crystal displays,2.7 utilising 
mainly organic compounds, have the past twenty-five years developed into a 
common Other applications of liquid crystals 
include temperature-sensing devices (e.g. as biofeedback mechanisms In 
psychological therapy situationsi and ultra strength fibres as kevlar (e.g. 
bulletproof vests, mooring cables, etc.). 8 Organic liquid crystals also have interesting 
photoelectrical9,lo and electrical ll,12 properties, are sensitive to In 
electrical magnetic and could used in detection ultrasonic waves 
and certain vapours? Anisotropic solvents are also a good medium in which to 
conduct column chromatographyJ,8 and certain chemical reactions 
transfer occur better anisotropic environments. 
1.1 reports of metallo meso gens 
related to the discovery organic The discovery of metallomesogens is 
mesogens/4,15 but whereas development of mesogens as an independent 
of flourished with invention liquid displays in 16 the 
same was not case metallomesogens. Interest how metal atoms would affect 
mesomorphic properties only started developing rapidly after and has 











and at least one book t"":"lnT~'''''. to 14,17-22 The reason such 
development in interest is due to of combining the properties of liquid 
with properties atoms such as colour, polarisability, 
amaglletlsm and a mobile electron " ... ,.,n'" 20,23 
first observations of compounds liquid crystalline behavior occurred at 
about 1850?1 These compounds included nerve myelin,21 natural fatty acids, 
stearin, 16 and various soaps.15 Several of were alkali metal salts of naturally 
occurring fatty acids, e.g. magnesium tetlrad,ecanolite.24 and are the first documented 
of metallomesogens. 14,l5 It was work in 1888 on 
cnCHes;terOl derivatives25 that was accepted as first of liquid crystalline 
Dhcenclm~ma and Vorlander's description thermotropic properties of alkali metal 
in 1910 as the first scientific metallomesogens. The 
metallomesogens were covalent diaryl mercury(II) Schiff base 
........ ·''''''T'''',..., exhibiting smectic meso phases and were .. pnnrt.:>rl by Vorlander in 
1923.27 
1.2 applications of metaUomesogens 
advanced 
Disadvantages such as 
metaHomesogens is a branch the more 
mesogens, the nature metals affect the 
mesomorphic materials is still process of being 
which metallomesogens may playas advanced materials 
technologies is as yet unknown. In order to considered for 
metaUomesogens should be and inert. 












and the fact that metal centre can act as a reactive towards moisture and/or air 
are problems that must be overcome and recent 
possible.28 
indicate this is 
Metallomesogens generally have higher viscosities and lower molecular mobility 
compared to organic mesogens, limiting their application to fast-switching device 
technologies as liquid displays but possibilities in fields such 
as non-linear optics or recording techniques in which glassy states are used?8 As 
metals have a high density of poiarisable electrons, the introduction of metal centres 
increases the overall molecular polarisability and also influences other important 
mesomorphic properties such as birefringence or dielectric constants.20,28 Compounds 
with interesting (paramagnetism), conductors), 
optical (strong dichroism, non-linear optical behaviour) and electro-
optical (photo-electric behaviour, ferroelectric electro-optic have already 
achieved as well as improvements in the processing of 
crystal polymers. 1S.20,28,29 
Basic concepts liquid ........ ,,,,..."'. 
performance liquid 
Liquid (or mesogens) are materials which liquid-crystalline (or 
mesomorphic) behaviour and under certain conditions, giving to meso phases. A 
mesophase is a phase in which the molecular order is intermediate an ordered 
solid and a disordered liquid or solution and has been defined as an «orientationally 
ordered" liquid or a "positionally disordered" crystal. A mesomorphic molecule 











are two classes mesophases, based on two different ways in which the 
mesophase can be formed. 
(i) Thermotropic liquid-crystals 
Pure compounds (or mixtures of compounds) can form under the influence a 
variation in temperature. melting IS defined as the transition from the 
solid phase to mesophase and the clearing point as the transition from 
mesophase to the isotropic liquid phase. When thermotropic mesophase aDt)erurs 
both the heating and cooling 
thermodynamically stable. 
it is to as enantiotropic and is 
the thermotropic mesophase appears only while 
cooling, it is referred to as monotropic. The is thermodynamically 
unstable and occurs due to a hysteresis in the crystallisation point. 
(ii) Lyotropic liquid-crystals 
are 't"""'1"n".rt as a result certain species amphiphiles) forming anisotropic 
In the presence 
concentration of the "' ....... , ... " ... ,.:JI 10 
a solvent (usually 
solvent are .1"n, .... "".;.,"".t 
The temperature 
Some liquid crystalline compounds have been reported to exhibit both thermotropic 
and lyotropic mesophases and are referred to as amphotropic liquid crystals. 
Thermotropic liquid crystals can be divided two main groups depending 
on their structural 
molecules) or 
are calamitic mesogens (with rod-shaped 
meso gens (with disc-shaped molecules). calamitic 
compounds have a structure in which the axial component is than radial 
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Figure 1.1: Calamitic mesogen with rod-shaped moleculesl5 
Figure 1.2: Discotic mesogen with disc-shaped molecules15 
Calamitic compounds form nematic and/or smectic mesophases. The least ordered 
mesophase is the nematic (N) phase, where the molecules are not arranged in discrete 
layers, but are aligned parallel in a preferred direction (Figure 1.3). The smectic 
mesophase shows a higher degree of order, with the molecules organised into layers 











(Figure 1 types of 
(Sc) commonly occur in calamitic mesogens. 
ijij i ij ~~ij 










1.3: Schematic re):)re!'lentatlon of calamitic meSOlmases 
rod-like molecules are "'HI"""'"'''' orthogonally to layers in the case of phases 
and average orientation of the rod-like molecules is tilted relative to 
case of Sc phases 1 The molecular inherent 











Less commonly observed types of smectic meso[mases 
intralayer as well as interlayer positional mOilec:ul<::s in the hexatic SB 
and phases adopt a .. .."" ... E'.v ....... 1 three-dimensional 
order restricts mobility, "'''UUU''f5 in higher types of mesophases 
are termed the crystal smectic phases. 
Discotic mesogens form nematic (ND), lamellar (DL) and columnar phases. In the 
columnar meso phases, the molecules tend to stack in columns to the nematic 
columnar phase (Nc) or the columns are arranged parallel to one to form 











Figure 1.4: Schematic representation of discotic mesophases. 15 
Chirality introduces an additional property to the structure of the nematic and smlectllc 
me:solomlse. In the case of the crural nematic N* phase, chiral molecules result 
tnn,,,te:.n nematic (or cholesteric) phase, in which a helical rotation of 











activity with the 
and the 
properties. 15 
forming the basis 
phase giving to or anti ferroelectric 
1.5: The N* phase 
helical fashion. 
the direction of molecular rotates in a 
1.4 Molecular structure/property for gold(I) me:so~~en 
Chlorogold(heptyloxystilbazole), was the first mesomorphic gold(I) ,",UlltAUn,,", reported 
to an unidentified between 120 and 200°C .... ",t-,,...,,,, decomposition by 
Bruce et at in 1986.31,32 in 1991, dihalo- dimethylgold(4-
alkoxydithiobenzoate) derivatives were reported by Bruce et to 
me!;ODlla~~s. The methylgold(III) 
ranges 
(60 to 130°C) ,-""",,,,11 me~'ODI at 










also stable. These ,"v, .. """,,,,, .. ,,, were to the best 
only examples of mesomorphic gold(ill) ...v.:,,"'.''"''''' .... ''''. 
1998, the potential of gold(I) complexes to 
increased dramatically. Within period, gold(l) 
34-40 acetylide,38,39 40 carbene41 -43 and 
our knowledge the 
1994 and 
liquid crystal phases 
with vanous 
ligands were 
reported to mesomorphic. isocyanide37 and pyrazolate44,45 derivatives 
even form stable mesophases at room temperature, ov€~rC()mlm,g disadvantage 
higher transition temperatures (and associated decomposition) usually associated with 
the of metal atoms. The of stable columnar mesophase 
for gold(I) compounds at room teflrlDeratt might to a possible application 
gold(I) metallomesogens, as 
crystals due to the possibility 
",I""",tr ... ,... photon, energy or ion 
IS in columnar liquid 
one-dimensional molecular "pathwaysll 
48 
It is .. Uln .. ,nT from the "'1"'_"'''~'''.H' of gold(I) mesogelns (Table 1.1) 
molecular structures of the complexes are closely to formation 
properties of the mesophases. such as (i) changes in the number of 
phenyl the rigid core, (ii) the length of the aliphatic chains, (iii) the nature 
pm:mcm of lateral (iv) the nature linking groups between 
rings are common to both metaHomesogens organic mesogens. Other 
factors such as (v) changes in nature of the dipole moment the gOJIG-Ila14Jgc:m 
bond, (vi) changes in the polarisability of the biphenylisocyanide ligand 
.." ...... "' • ..,"' ... "" to gold and (vii) Au ... Au interactions are to 
the prc:~sellce of the AuI atom demonstrate that metal-ligand and metal-metal 
effects influence mesomorphic properties. 
1-9 
University of Cape Town
of gold (I) of the L neutral andR= 
No. of No. of Rgnmp 
L 
1 1 BrorI 1 SA 94-175 97-94 36 
1 with 2-or 3- 1 BrorI 1 SA, N 93-205 S .. 106-103 37 
1 1 Cl, Brort 1 covalent 0-80 37 
I 1 Brorl 1 121-300d 35 
1 1 Cl 1 34 
N 





1 I 1 covalent 38 
1 1 1 38 
1 1 1 covalent ~A 39 
1 4-alkoxvbinhenvl isocvanide with -C(O)()", 4-alkoxvnhenvl acetvlide covalent N 39 
1 " N N 74-7 39 
I isocyanide with covalent N 18-108 39 
a lateral oralkoxy 
substituent 
1 alkyl 1 with 1 covalent N N 69-7 39 
52-7 
1 alkvl -OC(O)- covalent N 84-141 39 
1 1 covalent N N 48-7 39 
University of Cape Town
No. of No. of Rgoup Au(l) Character Reference 
a 
2 I 2 covalent N 40 
2 1 2 covalent N 161-27Sd 40 
I I covalent N 75-220d 40 






1 carbene 1 Cl I covalent :M" 42 
I covalent 1l3-'f 42 - 133-r 
1 37-r 
1 carbene 1 CI 1 covalent M 109-1 42 
102-1 
1 carbene CI covalent M 42 
1 2 CI 2 covalent M 2H-r 42 
2 1 Br I ionic 92-162 43 





a= range the 
associated b 





Phases a Temp. a 
1 Cl 1 M 
3 3 covalent 112-61 46 










Many of the gold(I) liquid crystals have quite high transition temperatures (Table 1.1) 
and undergo decomposition at or close to their clearing points - a common problem 
for trends in the transition the 
gold(I) liquid crystals (Table 1.1) have been observed and explained on the basis of 
steric and electronic effects and are summarised below: 
(i) Aryl-40 or acetyHdegold(I)39 complexes (Table 1.1) with 4-alkoxybiphenyl 
isocyanide ligands resulted in mesophase formation whereas the analogous complexes 
with 4-alkoxyphenyl "5""""'''' did not. Halogold(I) complexes with 4-alkoxybiphenyl 
isocyanide ligands35 also had higher transition temperatures than the corresponding 
complexes with 4-alkoxyphenyl ligands.36 These changes are to increased 
polarisability afforded by the addition of the second phenyl 
(ii) in conventional and other calamitic 
systems, an in the aliphatic chain length of isocyanide ligands resulted in a 
decrease in melting point for halo- and acetylidegold(I) complexes.35,36,40 
(iii) alkoxy, alkyl or halogen substituents generally tend to lower the transition 
temperatures and form complexes that are thermally more stable and prone to 
, decomposition. These lateral substituents lower the transition temperatures by 
the breadth of the molecules and thereby reducing intermolecular 
attractions and has especially observed for lateral of gold (I) 
mesogens (Table 1.1). It is also observed that longer lateral chains of isocyanide and 
acetylide ligands34,39 favour the formation of the nematic phase at the expense of an 
other phases. This agrees with the general observations for lateral alkylation 











the rigid cores.23 the gold(I) complexes with isocyanide and pyrazolate 
which form stable liquid-crystal phases at room temperature have such a 
component that U'""""]OI\,V"'''' columnar37,44,45 rather than nematic or smectic onalses are 
formed. On the 
increased 
the elec~trcme~~atl U .... 'vl". .. ," substituents may 
hence transition ten1peratl Most notably, m 
transition temperatures and mesophases for gold(I) mesogens with and 
bromine substituents (Table 1.1) has been attributed to a delicate balance ne:>~'nle:>.~n 
steric and electronic eUects.37,40 
(iv) Linking -C(O)O-, -OC(O)-, -'Lo 'LJ- -CHzCHz-) between nn"'T1'" 
rings are often in the molecular design liquid crystals to alter their 
mesomorphic properties.20,21 The groups tend to tnl"'"A<II'''' the length, while nrp·<!Pf'''I.!ln 
the overall linearity, 
system.20,21 The .. ,..~u"'u 
molecules and in most cases exten(ls the 
complex a linking group34 """"'>rA<>" 
the phenyl 
exhibits a 40 
cOlmoare~d to an analogous ...,Vl,UU''''''''' without the linking 
in melting point, due to an in polarisability, and 
appearance of a Sc TTl"".,nr\" Compared to the linking group, the 
group resulted in 
carbene 42 derivatives 
group resulted in 
transition temperatures the acetylide/9 ,,",U'..,YCJ .• IIU'L 
the formation phases for the 
1.1). For the ('~rhpf'I'" derivatives, the -'L" .... ,-
formation of some monotropic phases and some COinollexc~s 
but the -CH2CH2- U"""U'o group resulted in ...,"'.uu"..,,"-which were not mesornOI'Pnt 












(v) The changes in transition temperatures for the halogold(isocyanide) complexes 
have been explained by considering that these molecules have several dipole moments 
along their length.35-37 According to the electronegativities of the halogens, the dipole 
moment associated with the Au-X bond decreases in polarity in the order CI > Br > I. 
This corresponds with the trend observed in transition temperatures, which decreases 
in the order CI > Br > I for the alkoxyphenyHsocyanide series.36,37 
(vi) It has been shown using UV spectroscopy that the polarisabiHty of the biphenyl 
system of the isocyanide ligand increases in the order NC «NCAuCI < NCAuBr < 
NCAuI. 35 The dipole moment associated with the polarisability of the isocyanide 
ligand can thus explain the increasing trend observed in the transition temperatures in 
the order CI < Br < I for the alkoxybiphenylisocyanide series.35 
(vii) It is commonly observed in linear gold(I) compounds that intra- or 
intermolecular distances between two gold atoms are shorter than would be expected 
considering the sum of their van der Waals radii. 47 The accepted range of these 
Au ... Au bonding interactions is between 2.75-3.40 A,39,42 with repulsive forces 
expected to dominate below this range and the energy of these interactions are 
equivalent to the energy of hydrogen bonds. These interactions hardly ever disturb the 
linear co-ordination, are usually perpendicular to the ligand-gold bond axis and their 
formation is thought to be hindered by bulky ligands. 47 
Single crystal X-ray diffraction studies were conducted on mesomorphic chloro-
gold(isocyanide),34 acetylidegold(isocyanide i 9 and halogold( carbene/dicarbene t l -43 











complexes except for the chlorogold(isocyanide) complex, the shortest Au ... Au 
intermolecular distances was quoted to be 3.4 A.34 It was suggested that this 
interaction an important formation in halogold(isocyanide) 
complexes,34,39 but not in acetylidegold(isocyanide) 39 It should, nn'UilPV,F>r 
be noted that this value is at the upper limit of the accepted 
interactions. 
for Au ... Au bonding 
X-ray diffraction studies were conducted in both crystal and mesophase 
discotic CIAu(trialkoxyphenylisocyanidei7 and trinuclear gold(I) pyrazolate44.4s,46 
complexes. Short intramolecular Au ... Au distances occur between the three gold(I) 
atoms the nine-membered metallocycle cores all the trinuclear gold(I) 
complexes. X-ray study of 
CIAu(trialkoxyphenylisocyanide) the mesophase37 that two mOJleetUeS 
form a by arranging in an antiparallel position and this paring of the partial 
shaped mO.leClues to form discs is responsible for formation of the discotic 
but no Au ... Au bonding interactions were reported. the 
arrlmg.ement of two trinuclear gold(I) pyrazolate molecules with three 
"' .... "'AAg to form dimeric discs with six alkyl side-chains has been reported to be 
for the formation the discotic mesophase.46 Intermolecular Au ... Au 
DOllOUlg interactions were dimer formation the solid 
and would most preserved in mesophase. More di- and 
trialkoxyphenyl substituents form discotic without Au ... Au, 
dimeric 44,45 The ability of gold(I) CODtlDlE:xes to form 
Au ... Au bonds is thus an()tnc~r factor which may affect the molecular structure and 











1.5 Focus of project 
The main aim of this project was to synthesise gold(I) complexes of the type RAuL 
that may possess liquid crystalline properties. The molecular structure of these 
complexes affects the nature of the intermolecular interactions that would in tum 
determine whether these complexes exhibit liquid crystalline behaviour, as well as the 
type of mesophases formed. It would be particularly interesting to investigate how 
changing the nature of the R or L groups would affect the mesomorphic properties. 
We decided to investigated gold(I) complexes with alkoxystilbazole ligands because 
although many transition metals with alkoxystilbazole ligands, such as AgI, I~, RhI , 
PtII, PdII and cobaloxime derivatives, 48,52 have liquid crystalline properties, no 
systematic study for gold(I) complexes has yet to our knowledge been attempted. 
Theses types of complexes have interesting optical and electrical properties. The 
second order non-linear optical properties of some of the I~ and RhI complexes of 
alkoxystilbazoles were investigated,49,50 and some of the IrI derivatives have also been 
shown to form V-type Langmuir-Bladgett films of high quality.51 
As a starting point, ClAuL complexes, L = py, vnlpy and n-OST, are investigated in 
chapter 2. The CIAu(py) and CIAu(vnlpy) complexes are model complexes and are 
not expected to have mesomorphic characteristics. The CIAu(n-OST) complexes with 
an additional polarisable phenyl ring, an aliphatic alkoxy chain and a -C=C- linking 
group which preserves the linearity of the molecule as well as the polarisability 
between the aromatic rings, are expected to form calamitic mesophase. The length of 











usually lowered when the alkoxy chain lengths are ligands 
are mesomorphics3 and have in fact been reported to an unidentified 
meSOcma!ie when complexed to gold(I).31,32 As with metal complex 
had high transition temperatures and was thermally unstable. Similar to the 
ClAu(isocyanide) complexes,34-37 CIAu(n-OST) molecules may a multipolar 
along the rigid core, including a strong dipole with the £1U-'L/' 
bond as wen as a dipole associated with the organic ligand. 
have either increased or decreased in the order of CI > Br > I as 
interaction were varied for the isocyanide gold(I) COlnplexes. 
complexes will synthesised in order to lnV'eStlgate how 
attlect(~a by the Au-X dipole. 
3, we will attempt to replace the Hal'UM"',H 
...... (1'''n''('' nll',.""'-"I group. This may result in increased 





(1.t ... ~"no intermolecular attractions may be reduced as the strong dipole associated with 
bond will no longer be present and phenyl ring is more bulky than the 
ual'V",,",U atoms. This factor may also promote the formation of the less ordered 
phase. Although more polarisable, fluorine substituents on the phenyl 
the transition temperatures and would increase the stability of the Au-
C bond. Bromine substituents on the perfluorophenyl ring may increase transition 
as the bromine atom is more polarisable than the fluorine atom. 
'-' .......... atoms are also more bulky and depending on their position, 











As alkyl gold(I) liquid crystals have not yet been reported, we will be attempt to make 
RAuL complexes, R = alkyl, L = n-OST, PPh3, in chapter 4. As with the Au
III 
alkoxydithiobenzoate3l complexes, the RAu(n-OST) complexes will be expected to 
have lower transition temperatures compared to the CIAu(n-OST) complexes, but 
unfortunately the thermal stability is also expected to decrease. RAu(PPh3) complexes 
would be more stable than RAu(n-OST) complexes and the linear alkyl groups may 
allow the molecules to align themselves to form liquid crystal phases, despite the 
bulky PPh3 ligand. 
RAuL complexes, R = X or organic fragment, may have neutral monomeric or ionic 
dimeric structures ifno intermolecular Au ... Au bonds occur. If intermolecular Au ... Au 
bonds do form, then neutral polymeric or ionic tetrameric or polymeric structures may 
form. XAu(py) complexes have been reported to from such ionic structures and it 
would be interesting to establish if similar structures are formed by RAu(n-OST) 
complexes. As molecular structure and intermolecular attractions influence liquid 
crystal properties, it would be important to determine the molecular structure of the 
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CHAPTER 2. Synthesis, cis-trans isomerisation and mesomorphic 
behaviour of 'llef". ...... U complexes, X = Cl and L = py, vnlpy and n-OST (n = 4-
10) 
2.1 Introduction 
Chapter 2 deals broadly with the synthesis and characterisation of complexes of the type 
X = chloride and L pyridine (py), vinylpyridine (vnlpy) trans-4,4'-alkoxystilbazole 
(n-OST), where n = number carbon atoms in the alkoxy chain. Complexes 1 (L py) and 2 
(L = vnlpy) were prepared as model systems in order to understand the more complicated L = n-
which exhibits cis-trans isomerisation and liquid crystalline behaviour. The 
introduction of a metal atom to the already mesomorphic n-OST ligandsl would result in 
t+",.·pnt liquid properties due to enhanced polarisation effects2,3 as as the dipole 
moment associated with the functionality 4,5,6 complexes 3-9 (L = 4-10-0ST). 
Complexes would however not be expected to exhibit mesomorphic behaviour due to 
presence of only a polarisable rigid core without flexible 4-alkyl or tails to increase 
molecular anisotropy and facilitate liquid crystalline formation? 
Molecular structure plays an important role in mesophase formation. It is thus of particular 
interest to determine whether CIAu(n-OST) complexes form neutral, CIAuL, or ionic, [AuChr 
[Au~t, and bonding interactions many dimeric, 
tetrameric or polymeric supramolecular arrangements. It has been shown that gold(I) pyridine 
complexes, X = Cl, Br or I, form ionic complexes, [AUX2nAu(pyht, with chain-like 











ligands even been reported to fonn both ... """1" .. ,,,1 species in the same reaction, with 
the neutral having a chain-like polymeric and ionic species a tetrameric structure. 1O 
Au1 
Br2 
Figure U.L\ ... ..,"" .... Ul structure oftetrameric [AuBr2HAu(py)zt Au ... Au bonding 
interactions 
2.2 Synthetic method and characterisation of gold(I) complexes 
2.2.1 Synthesis 
The ug,mcls were ..... " .... "'·,."'rI in a two step process according to procedures 
(Scheme 2.1 ).1,11 me:nneol.ate 4-alkoxyiodo- or 4-a,lk()xybrc)mc)b~~nzlene was 1"1'\~...-n".rI 
by refluxing iodo- or DrClm()0111enOl with the corresponding I-DfiOmOalJaule and potassium 
carbonate in acetone. 
palladium acetate catalysed 
was then refluxed with 4-vinylpyridine 












IH_ and I3C_NMR spectroscopic data for the n-OST ligands are reported in Appendix 2A, 
Tables 2AI, 2A3 and 2A5 and compare well with literature data. 11,24 




20 hrs acetone 
I-©--O~ 
Et3N, MeCN 
o Pd catalyst, 100 C, 72 hrs 
O~ 
Scheme 2.1: Reaction scheme for the synthesis of7-0ST 
2.2.2 Synthesis of gold(I) complexes 1-9 
Complexes 1 and 2 were fonned via displacement of tetrahydrothiophene (tht) from a 
suspension ofCIAu(tht) in toluene by the addition ofa large excess ofpy and vnlpy respectively 
(Scheme 2.2). The reactions were conducted at about 50°C with reaction times ranging between 
15 to 60 minutes and yields ranging between 50% to 80%. Complex 1 has previously been 
synthesised via displacement of carbonyl,13 . dimethyl sulphide14 and di(phenylmethane) 
sulphides by pyridine. It was reported to be light-sensitive and thennally unstable and although 




















n = 4-10 
Scheme 2.2: Reaction scheme of complexes 1-9, L = py, vnlpy and n-OST 
Complexes 3-9 were prepared a manner to complexes 1-2 (Scheme 2.2), except that 
the reactions were conducted at slightly terrlPelrattlres of about 60°C, for longer 
periods of about 2 hours. Complex 7 has ...... """.n. 
IR, IH_ or 13C_NMR spectroscopic data have as 
OST) were initially added in excess, it was found 
OST resulted in good reaction yields of up to 
purification were much lower, about 
during the purification procedures. 
n""·.,r1", .. ,, and are usually recrystallised 
or (up to 4 cm) thin yellow needles. 
2-4 
made,15 but no synthetic details and 
published. Although the ligands (n-
equlImC)lar amount CIAu(tht) and n-
complexes 3-9 after 
decomposition that occurred 
n""''''It'1llt!ll1rp from solution as fine yellow 










Characterisation of gold(/) con'lole!xes 1-9 
form white crystals that oec:ornlpmle at 109 °c and 1 respectively. are 
soluble in oommon solvents including dichloromethane, acetone, diethyl 
ether, ethyl acetate and toluene insoluble in hydrocarbon solvents as pentane and 
A ... d ........... Conflicting (or decomposition) temperatures and 250-252 °C14 have 
reported complex 1. these workers provide data in 
supporting for the structure of their compound. No thermal were reported in an 
crystallographic complex 1. If protected from light, complexes 1-2 can 
for over months at -25 °c without decomposition. Complexes 1-2 were characterised via 
IR, 13C_NMR (Appendix Tables 2A. elemental analysis (chapter 
6) and conductivity acetone (Table in the text). FT-IR, and 13C_NMR spectroscopic 
data for the py and vnlpy are also reported. 
Complexes 3-9 are soluble in similar n .. c.<o"·,,,,, solvents oompared to oomplexes except that 
they are insoluble in diethyl It is also that as n the solubility of 
the oomplexes tended to decrease. Complexes can be stored unprotected from light at room 
temperature for more than a year. are unstable when u ................ or in solution. Decomposition 
occurs more rapidly when the "VU,&UU'll is exposed to even for Complexes 
were characterised IH_ and spectroscopy (Appendix 
2A4-7), elemental analysis, F AB mass spectrometry and in acetone 
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The assignments for the FT -IR ,,, .. "', ...... 11'"<1 of complexes 
ligands and v(Au-Cl) 8 
assigned by comparison with the , vnlplJ and 
were by comparison with the free 
spectra of complexes 1-9 were 
1,24 ligands and two dimensional 
IlL 13C_NMR spectra (HETCOR), Representative IH_ and and 
complex 6 can seen in Figures were 
easily as on the basis 
The proton ""MIla,,,, 
and H~ proton would have similar coupling 
constants. '-'VllU ..... ...,"'''' 3 and S were nn<ilpn,,"'l1 to exhibit cis-trans isomerisation and 




can be seen 1 
and Sa, the reslpeC1tlve Isomers, are 
13C_NMR and spectra of the 
The liquid crystalline properties 
of 
9 were evaluated via differential scanning calorimetry and optical microscopy 
techniques, 
The nature 
data are presented in Table 2.4. 
typeIAuL 
group has been found to affect the 
temperatures in gold(I) complexes4,5,6 have 
changes the enhanced polarisation 
found to , ... ",""',"','" 
the Au-X moment. An attc~ml)t was to synthesis 
properties, 
orderCI <Br<I 
> I due to 1'1-111:"0''''''' 
derivatives of 
1-9 by rea,ctlCtn with excess potassium iodide acetone at -72°C, with no success, In all 
to 
during extraction with dichloromethane, purple solutions (L vnlpy) or ofO'wnlorange 
solutions (L n-OST) and metallic deposition were nn"",ncTt'>r! amount n-
OST was l"Pl',n'l1#l'rpri the brCtWIllloran~~e solutions. This was umlxplectE~ behaviour, as 
tetrameric, IAupy8 has previously been prepared by reaction of excess py with 
gold(I)iodide in toluene and is reported to stable below -30°C. Schmidbaur and coworkers, 10 
while "'ff ............ t""'n to synthesise iodogold (diphenylmethanimine) ""'UV""''''''''''. 
2-9 










observed similar unexpected behaviour. cases the triiodide (diphenylmethanimine)gold(I) 
salt was crystallised, according to scheme proposed below. 
+3KCI 
3AuI+ +2Au 
KeactlOn schemes for .. < ... ...",." of triiodide (diphenylmethanimine )gold(l) 
It was by SchmidbaurlO et. al. that reactions lead to a partial or()Ce:ss to give 
Au metal and latter reacting with r to triiodide. Recent and 
Sone31 was to support this conclusion. IAu(py) can be prepared toluene,8 but 
not aCf:tOfleldllcllllofome:thane it is I.Iv""nu; ...... that a similar redox process to the one proposed in 
scheme ClAuL L = py, vnlpy n-OST, in 
ace:tone/dichloromethane but not toluene. 
2.3 Discussion of results for gold(I) complexes 
2.3.1 Model mo.reCliuar orbital interactions in gold(I) complexes 1-9 
Gold(l) has the linear bonds with hybridisation 
at the gold(l) atom initially thought to be sp, but 1"Unl'tJ'PtnP1"IT of 5d orbitals due to rru:x:mg 
closely spaced 5dz2 and orbitals is also thought to important,25 Some studies 
suggested that IS involvement orbitals and molecular orbital 
calculations hybridisation scheme, but has not been conclusively 
.... "'''' ............... 25 The 5d levels ""~"""£T have been interpreted to into 0" (5dz2), n (dxz, dyz) and 
o( dxy, dx2.y2) as expected crystal field theory.25 The 0" = py, vnlpy and 
bonds will be further eng~hened by the n-donation of &>1""('l'r('\" the filled dxz 
orbitals of gold(l) the 1t '" of the pyridine 
2-10 










The bond is not expected to have much 1t-bond l'n~,r~""Tpr although the 
orbitals the chloride ion would be able to donate x-electrons. is because as all d-
orbitals of gold(I) are filled and would more willing to U...,L.U."'" rather than a""~lJt electrons. 
The Aul bond will by bond between gold(I) and the trans e.g. the 
protons of the ring in [(PPh3)Au(py)t[CI04r26 experiences downfield shifts 
than complex 1, due to 1t donation of electrons from filled dyz orbitals into 
corresponding empty orbitals of phosphorous. As 
for complexes it will be ... ".,,,""u .. ,, .... that 
trans ligand remains a chloride group 
electronic structure (FT -IR, IH_ 
13C_NMR spectra) of the ring of the L group win be due '",Tll .... "J to changes the AuI-L 
......... , ..... ,'!". interaction enhanced U.!"iCLUVU effects (explained section 2.3.3). It 
should also noted that 
species. Although 
ligand would be a chloride only complexes 1-9 were 
IH_ and 13C_NMR spectroscopy may be in indicating 
whether one or both species are ....... """"" .... 1" these ."''"'" ... '"1 ..... ,,'" cannot 
or ionic SDe<;les. 
The v(Au-CI) which gives an indication of bond strength, 
for 1-9 (Table 1). This indicate that 
between the neutral 
n ... T' .. J",,·n 341 to cm-1 
bond is slightly affected by 
changes in the L but no .... "' ....... are observed between v(Au-Cl) ligand type. 
2.3.2 Variation in v(C=C) and v(C-H)olkene as L changes 
As L changes py to vnlpy in both the free ligands and gold(l) ....., ........ "", • ..,". v(C=N) to 
1'1""" ... "" ... ,,,,, and some v(C=C) values increase (Table 2.1). L n-OST, v(C=N), 











a = alkene, w m = medium, s = 
In particular, is about 20 to 30 cm-! L is vnlpy and n-OST, compared to py. 
The weaker the bond, the more electron density from the Sp2 hybridised orbitals of the 
nitrogen atom will available to bond with gold(I). The AuI-N bond is thus "trl'\ ........ " .. when L 
corresponds to vnlpy and n-OST, compared to L 
2.3.3 in py. vnlpy and n-OST ligands 
The relative stability of complexes 2-9 (L = vnlpy, n-OST) compared to complex 1 (L = py) 
is most likely to conjugation effects introduction of ele<mon-n 
groups such as alklene group (L = vnlpy, n-OST) an ether linkage and 
= n-OST) U1(~'.lVH of conjugated svstenlS with delocalised ",1 ..... 1" .. ,,\",, 
compared to py, retlectc~ lower v(C=N) values. From IH-and 13C-NlVIR spectra 
free n-OST ligands corresponding complexes 3-9 2A 4-7), it can be seen that 
each alternate "'!l"I'\n ... associated proton (i.e. C(H)b, C(H)r, C(l--Dh) are 
of higher electron __ .. '~._. than the adjacent carbon and proton. This has 
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L py (Complex 1) 
+ + 





L n-OST (Complexes 3-9) 











2.3.4 Variation of and alkane cOUlJllr.rJl constants n-OST ligands 
n increases 4 to 6 for both the free n-OST 11""'''11 .... ' ' and ... VUll""l .. ,"' ... " 3-9, the 
value So,.,..-,,,, .. ,,.,., by about 30 cm- l (Tables after which it decreases very by 











3 4 5 6 7 
, 
8 9 10 11 
n 
..... ""' ...... 2.6: ,-,"11<U1"",'"," in V(C-H)allame as a function alkoxy chain 1vUlo:,L1L, n. 
From the (Figure 2.6) it can inferred that for shorter alkoxy chains (n = 4 to 6), the 
(I.l!:\..cuu;;; bonds vibrate at slightly higher ""1'1""1'0'1.,." than for chains (n = 6 to 10). After n = 6, 
the contribution the alkane closer to the group any effect on the 
overall V(C-H)allame value. 3JHH coupling constants (Table group, Hj, 
next to the oxygen atom is less than the ethylene Htand away (7.0 
and 7.5 both the free and ,",VI .. UI..,A'.", This might indicate shorter bonds 











2. Variation in FT-IR, lH_ and 13C_NMR spectra of complexes compared to free ligands 
It is observed that v(C=N), v(C=C) and v(C-H) 2.2) increased after 
colnDJlex~ltIoln to gold(I). This could be attributed to the 11: donation and dyz electrons from 
d-orbitals or enhanced conjugation When n-OST ligands are 
vv.l1lJ'<"'''', .... to '"'_ .. _~~<" the conjugation magnified, resulting in the 
atoms which are regllons of higher A.A, ........ ,.. .... fIb, experiencing an 
upfield and vice versa for Ha, He, sort has previously been 
n-OST ligands complexed to aryl cotlaJOIXlnles. with (a realon of higher electron 
experiencing an upfield shift of 0.26 ppm. 11 (ppm) in IH_ and 13C_NMR 
Cl"p,/"'tr!:l observed for complexes 1-9 (Table 2.2) are ,.,,...".lnT' 
IH_ and 13C_NMR spectra cornoareC1 to the ligands 





neJ:ore further discussion, it should noted chamgc~s in chemical shift (0) 
proton or carbon atoms after ligands are complexed to gold(I) wiU be due to 
the shielding constant (a), which are .... A' ... h' related. The magnitude of a "',1<,<"1'5''''':> 
due to changes in the electronic structure near nucleus of interest and is sum of 
contributions from: (i) the electrons of atom contains the nucleus of interest, (ii) 











value the nucleus of interest decreases on complexation to gold(I), then the nucleus 
experiences an upfield shift becomes more shielded 0' has mCI·easOO). The 
electron density (from atom as well as the atoms the rest of the molecule) around the 
nucleus has (assuming that the electronic contribution from the solvent remains 
constant). and vice versa. The downfield shifts (Table can easily explained by reduced 
electron density due to sigma donation of electrons the Sp2 hybridised .. "frno ..... atom and/or 
enhanced conjugation effects in regions of relatively lower density. All upfield '"''''''''5'''''', 
except can be explained on the basis enhanced conjugation effects regions of relatively 
higher electron rI",.,,,,,,1", 
What is more difficult to explain with the conjugation is why a region of relatively 
lower electron n"' ... <lnu .. v ...... n',. ... 1',""" an upfield when L = (-12 ppm), but downfield 
shifts when L = vnlpy (+0.08 ppm) and (+0.22 extent, the of 
relatively increased shielding for complexes 1-9 as L changes py (+2.8 ppm) to vnlpy 
ppm) to (+l.6 ppm) with what is "'I'\" ..... ,,:>rI for Another possible 
source of increased electron density is the 1t back-donation of electrons gold(I) the 
pyridine ring. One either say the conjugation effect becoml~s less pronounced at Ha as 
L changes from py to vnlpy, or that the 1t back-donation the metal the pyridine 
has increased from L = py to vnlpy. upfield shift observed for when L = though, 
can be explained to the 1t back-donation of gold(I) into the pyridine increased 1t 
back-donation from gotd(I) the pyridine ring is an indication of 1"'1',,.,,,,,,,,,,,,,11 bond 
"tT"· ... rn~h then n-OST .. 5 .. ,.. ...... form <If ... r .... o,,, .. bonds gold compared tovnlpy Due to 
... """rt",inf" in the magnitude the contribution of enhanced conjugation effects to 
downfield 
to py, 
ofHa, it cannot be said that forms a stronger bond with gold(I) compared 











2.3.6 Neutral or molecular structure o/complexes 
The neutral . or molecular structure of complexes were investigated 
conductivity IH_ and 13C_NMR sDectfC)Sc()DV electron impact (EJ) 
fast atom mass spectrometry and pfi()toj:?;ratJny The average molar 
conductivities (A) complexes 1-9 were 2.1) using 
conductivities (1C) H .... ' .. .., .... as 10,3 acetone solutions and are in Table 2.3. 
A= 10001C/c (2.1) 
1C = specific VVll' ....... "'U 
c concentration (M) 
Tetrabutylammonium is a common 1: 1 electrolyte and was used as a reference point. 
Its A value was determined to be 148 ohm-1.morl .cm2 inlO'3 M acetone. The measured 1C values 
for each complex did not vary by more than 0.10 IlS.cm-1. 




















ele,ctn)lV1te ,..,. ___ ,_; complexes have 







rPn,nrh>rl to have A values 










Table 2.3 indicate that complexes J-9 are predominantly non-conducting, neutral species when 
dissolved in acetone. Minor precipitation of a grey solid, which may be' indicative of 
decomposition, was observed during analysis of complex 1. Therefore, because A IS 
concentration dependant, the value quoted in Table 2.3 for complex 1 may be regarded as an 
underestimation of the true A for this complex. Complex 1, determined to be pure by 
microanalysis, was observed to decompose even more rapidly in dichloromethane, resulting in a 
purple solution, gold deposition and the liberation ofpy. The liberated py was identified on the 
basis ofv(C=N) in the FT-IR spectra of complex 1 (Figure 2.7) and suggested that about 20 % 
decomposed while measuring the sample. This provides an indication of decomposition rate, 
although the A value was measured in a different solvent, which would also affect the rate. 
l00~------------------------------------------------. 
70 
1550 1500 1350 
Figure 2.7: FT -IR spectrum of complex 1 
The A value for complex 1 (Table 2.3) is about one order of magnitude less than what would be 











that it is most likely a neutral species. However, Adams et af', showed that complex 1 
crvstaJllIsc~s with an ionic structure from ethanol. 8 They did however not provide any A value for 
comparison. This discrepancy may be explained by noting that a complex crystallise 
different solvents with different molecular structures, or have different molecular structures in 
different solvents, which mayor may not differ from the solid molecular uctulfes. In this 
study, complex 1 was crystallised from toluene and that the A values were determined in 
acetone. The less polar toluene might promote the formation of the neutral species, with the 
more polar ethanol promoting ionic species. or the conlple:xes may to form neutral 
species in acetone. This type of polymorphic behaviour might explam the differences in mehing 
complex 1. The 
complex 1 was also found to exhibit polymorphic behaviour, crystallising as tetrameric zigzag 
chains from dichloromethane (Figure 2.1) or infinite polymeric chains from toluene. 
Schmidbaur and coworkerslO have used v(C=N) f the diphenylmethanimine ligand, which they 
complexed to gold(.1) chloride, to differentiate between neutral and ionic isomers formed the 
same reaction. The ionic species had a slightly higher wave number of 1599 cm-l compared to 
the neutral spe:Cle:s. Only one peak is observed in the FT-IR .,n""Mr<I of 
complexes 1-9, indicating that either the neutral or ionic species exists independently in 
dichloromethane, except for complex 1. Complex 1 has two v(C=N) peaks at 1433 and 1417 
cm-1 (Table 2.1, Figure 2.8), which might indicate the presence a mixture of a neutral and an 
ionic isomer dichloromethane. However, conductivity measurements (Table 2.3) show that 
complex 1 forms a neutral species in acetone. nature of the solvent can the degree of 
ionisation these complexes. Conductivity measurements of complex 1 in dichloromethane 
would required to conclusively whether an ionic species formed that solvent. IH_ 











deuterochlorofonn. Whether species IS IvaI'",,"'" or not in deuterochlorofonn cannot be 
ascertained from the spectra, as NMR spectroscopy is not a sensitive tool for dlS1tm~~u;turlg 
between neutral or ionic spe:Cle:s. Complex 2 only as neutral species in acetone and as 
a single species in deuterochloroform (either neutral or ionic). It exist as both neutral and 
lomc in dichlorornethane, but further conductivity measurements dichloromethane are 




Figure 2.8: FT -IR soec:trum of complex 2 
Attempts at obtaining parent ion peaks ~ using both electron impact and fast atom 
bombardment mass spectrometry have met with limited success. As this fonn analysis 
depends on the complexes stable dissolved matrix (2-nitrobenzylalcohol) 




































complexes. The ion of complex 4, [ClAu(5-0ST)t, was eventually observed after 
addition of rubidium to the complexes before perfonning the F AB experiment. very small 
corresponding to [Au(n-OSTht cation was also generally observed, but this could be 
created during the analysis. 
The structural and electronic features of molecules in liquid crystal phase are studied using 
X-ray diffraction and extended X-ray adsorption fine structure spectroscopy 19 but 
not applicable to complexes 3-9, which decompose in liquid phase. An idea 
of how these molecules together in the solid phase also one insight as to what 
sort of interactions rise to liquid crystal This is because intermolecular packing 
arrangements are often maintained in the liquid crystal phase.20.21,22 It would be of particular 
interest whether complexes form neutral or ionic species in the solid state and whether any 
weak Au ... Au bonding interactions occur. Attempts to suitable of complexes 
from dichloromethanelpentane solutions resulted in decomposition while in solution. Crystals 
that were obtained tended to form very long, thin needles or platelets unsuitable for 
crystallography. It was possible perform oscillation and De Bouman photography on one 
specimen, which yielded Laue symmetry 21m and indicated that crystal belonged to the 
monoclinic system, but unfortunately 
information could be obtained. 
crystal decomposed before any more 
7 Cis-trans isomerisation of complexes Ja, S and Sa 
cis-trans isomerisation (stereomutation) of in aromatic conjugated systems 
occurs to the actual ground state of the molecule being a resonance hybrid one or more 











character.27 Indigo, 4-nitro-, ~-llllIlIIlO- and ~-almmlO~ -nitrostilbene (Figure 10) are typical 
examples of molecules exhibiting this phenomenon.28,29 The activation energy cis-trans 




Figure 1.10: Resonance structure of 4,4'aminonitrostHbene with reduced x-bond character 
The single bond character in the hybrid canonical forms of these conjugated systems reduces the 
resistance to rotation about the bond. This resilstalnce could bec:01t1le so low isomerisation 
readily occurs at room temperature, resulting inseparable cis-trans isomers (as been 
observed for the indigo molecule).28 From the resonance structures proposed for the 
ligands (Figure it can be seen that the alkene bond may exist with reduced x-bond 
character and that simliiar cis-trans isomerisation, as observed for complexes 3a, 5 and 5a, is 
possible. 
When IH_ and 13C_NMR t;!nf>ol"tnl of complexes 3 and 5 were run immediately after sample 
preparation, only the trans isomers were observed. Subsequent IH_ and 13C_NMR spectra run 
after the samples had been for, at most, 6 hours at room temperature indicated the presence 
of another molecular gold(I) species (complexes and coexisting with the previously 
observed species. Based on proton integration, the ratio of complexes and were 1: 1 
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yielded a yellow powder consisting of a mixture of complexes 5:5a. Attempts to isolate 
complexes 3a and 5a from the mixtures via column chromatography were unsuccessful. as 
complexes 3a were unSUlDle and decomposed immediately on the silica column. 
HETCOR soectra of a URA ..... '" of complexes 5 5a are presented in 
Figures 2.11-13 and the assignments for complexes 3, 38, 5 and 5a are presented in Appendix 
Tables The most significant differences between complexes 3, 5 and 
respectably is observed in the region the double bond. The a values Ct and 
decrease dramatically from andl ppm 47.2 and ppm respectively (Table 
This change rw"u'U'I.",C! evidence that the double bond character of the Ct-Ce bond has 
replaced with single bond character of a secondary or tertiary alkane. The integration of Ha 
vs lid indicates that one proton can be bonded to and Ceo Therefure it could be a tertiary 
alkane group. Interestingly, both the and of complexes 3a 5a have two coupling 
constants (Figure 11, Table 2A8). smaUer coupling constant and 8.6 Hz for 
complexes and 5a respectively) could be 3JMB coupling expected for cis isomer of an 
............... '" or, considering single bond character of the bond., a alkane. The 
coupling constant (17 and 18 for complexes 3a and 5a respectively) could only the 3JMB 
coupling expected for trans lsolner: indicating that some double bond character must still be 
present in complexes 3a and 
According to proposed scft«,me (Scheme 2.4) resonance structure for the trans complexes 
CRtrans) have reduced 'It-bond character rotation about the bond results in the formation 
of the resonance structure fur the cis complexes (Ros). The resonance structures with reduced 'It-
bond character, and for complexes 3, 38, 5 and 5a would have a higher electron 











and respectively, relative to complexes l and S. indicates increased shielding in 




................ ,"'3& Rcis 
Scheme 2.4: Proposed mechanism cis-trans isomerisation for complexes l and 3a 
is no conclusive proof that the cis isomer has been formed. Evidence from and 
NMR spectra complexes 3, la, :; and Sa indicates the presence of a molecular species with 
reduced 1t bond character of the alkene group and increased electron density of the py The 
fact the both and He of complexes 3a Sa have a cis and trans coupling constant might 











2.3.8 Thermal behaviour oj complexes 3-9. 
The liquid crystalline properties of complexes 3-9 were evaluated via differential scannmg 
calorimetry (DSC), thermogravimetric analysis (TG) and optical microscopy techniques. 
Complexes 3-9 are mesomorphic, exhibiting SA phases with typical homeotropic textures (plate 
2.1). Although focal conic fan textures were also observed, the interesting texture depicted in 
Plate 2.2 was a more common occurrence. 
A typical DSC thermogram of complex 4 (Figure 2.16) has one broad and one sharp 
endothermic peak corresponding to a solid state polymorphic transition and the mesophase 
transition temperature respectively. A broad exothermic peak is observed at the temperature at 
which the clearing point was optically observed. Clearing point transitions are usually 
endothermic events and broad exothermic peaks could be an indication of irreversible events 
such as decomposition30 The enthalpy contribution of the clearing point transition of complexes 
3-9 are therefore much less than the enthalpy contribution associated with decomposition. 
A typical TG thermogram of complex 4 indicates a steady mass loss after about 200°C (Figure 
2.17). The extensive decomposition that is observed at the clearing point is a problem 
experienced when studying the mesomorphic properties of complexes 3-9. Thus, the transition 
temperatures and enthalpy values recorded were obtained on the first heating run (Table 2.4) and 
are graphically represented in Figure 2.16. Thin layer chromatography (TLC) experiments 
conducted on the samples immediately after heating them to the clearing point indicated that 











Plate 2.1: Homeotropic SA texture of complex 9 at 160°C (lst heating), cross-polarised light, 
and xl0x4x2 magnification. 












Table 2.4: DSC data of transitions in (0C) and MI (kJmor1) for complexes 3-9 
Complex n C-C C-SA SA-:f Decomposition 
3 4 130 (9.0) 153 (12.9) 175 168 (-6.9) 
4 5 113 (8.9) 152 (1 1.7) 181 180 (-8.7) 
5 6 121 (5.1) 147 (9.9) 182 168 (-18.1) 
6 7 88 (7.0) 140 (11.5) 185 180(-7.2) 
7 8 72 (0.3) 139 (10.9) 193 183 (-7.4) 
8 9 62 (18.2) 138 (10.1) 185 185 (-3 .2) 
9 10 60 (3.3) 135 (10.3) 177 182 (-7.6) 
a = Clearing point transition temperatures (SA-I) were determined optically using a Kofler 
hotstage microscope and are uncorrected. The temperature quoted is the final disappearance of 
anisotropy. 
The polymorphic transition temperatures for complexes 3-9 decrease from 129 (complex 3) to 
60°C (complex 9) as n increases. The only anomaly observed is complex 5 (n = 6), where the 
transition is higher than expected. A possible explanation for the wide range in enthalpy values 
observed from 0.3 to 18.2 kJ.mor1 (Table 2.4) might be the degree of crystallinity of the 
samples. In some cases, a highly crystalline sample yielded a large enthalpy value. When the 
same sample was dissolved and rapidly precipitated, the polymorphic transition was not 
observed. It is most likely that the sample formed by rapid precipitation was amorphous in 
nature and thus no structural rearrangement was possible. 
The melting point transition temperatures for complexes 3-9 are generally quite high, ranging 
from 153 to 135°C (Table 2.4) and decreases as n increases, similar to what was observed for 
the polymorphic transitions. This trend agrees with what is generally observed in liquid crystal 
systems. Complex 7 (n = 8) has previously been reported to form an unidentified mesophase at 
120°C,15 but in this study undergoes melting at 139°C. Both complexes have a similar clearing 
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I generally in the region 182 to 185°C, except for complex 7, which is slightly higher at 193 °c 
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Figure 2.16: Graphical representation of transition temperatures for complexes 3-9 
Compared to the free ligands which are themselves mesomorphic (Figure 2.17),1 the 
temperature range over which the mesophase exists in complexes 3-9 increases dramatically, but 
unfortunately so do the transition temperatures. The type of mesophases observed for complexes 
3-9 also differs from the free ligands. The free n-OST ligands form monotropic SB and SE phases 
on supercooling from the isotropic liquid (n = 4) and enantiotropic SB and SE phases (n = 5-10) 
(Figure 2.17) but the gold(I) complexes 3-9 (n = 4-10) form only an enantiotropic, less ordered 
SA mesophase. The free n-OST ligands also do not undergo solid state polymorphic transition, 
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Figure 2.17: Transition temperatures and mesophases observed for n-OST ligands, n = 4-101 
It should also be noted that the crystal to SE transitions of the free n-OST ligands show the odd-
even effect, with transition temperatures being lower when the tenninal alkyl chain contains an 
even number of carbon atoms. The effect is more pronounced in the smaller n-OST chain 
lengths. Although no odd-even effect was observed in the transition temperatures for the gold(1) 
complexes, the even numbered complexes 3 and 5 do appear to be less thennally stable, 
undergoing decomposition at lower temperatures than the other homologues (Table 2.4). 
Complexes 3 and 5 also appear to undergo cis-trans isomerisation more readily. The cis-trans 
isomerisation might offer a low-energy pathway for decomposition, as the cis isomer was 
observed to be less stable than the trans isomer (section 2.3.7). 
2.4 Summary 
In conclusion, the following were established in chapter2: 
1. ClAuL complexes are more stable when L is vnlpy and n-OST compared to py, due to 











2. Methylene groups next to the ether group in n-OST ligands vibrate at higher energies than 
methylene groups further away and this is most pronounced when n = 4 to 6. 
3. The conjugation is enhanced when the ligands are complexed to gold(I). 
4. Trends in .10 (ppm) of Ha and Ca for complexes 1-9 relative to free ligands could indicate 
that 1t back-bonding in Au-L bonds increase in the order py < vnlpy < n-OST. These trends 
could also mean that the enhanced conjugation effect decreases in the order py > vnlpy when 
py or vnlpy bonds with gold(I). A positive .10 (ppm) of Ha for CIAu(7-n-OST) complexes 
though, cannot be explained on the basis of conjugation effects and unambiguously suggests 
that increased that 1t back-bonding occurs for n-OST ligands compared to vnlpy or py. 
5. v(C=N) values suggest that CIAu(vnlpy) and CIAu(n-OST) complexes may have stronger 
Au-N bonds than CIAu(py). 
6. Complexes 1-9 appear to have a neutral monomeric structure in acetone, which may also 
be monomeric on the basis of the F AB-MS of complex 4. This is contrary to the fact that 
complex 1 has been reported to form a tetrameric ionic species in the solid state when 
crystallised from ethanol. Two v(C=N) peaks observed in dichloromethane for complex 2 
indicates that possibly both the neutral and ionic species of complex 2 coexist in this solvent. 
Attempts at determining the solid state structure of complexes 3-9 were unsuccessful. 
7. IH_ and 13C-NMR. spectroscopic data indicate that complexes 3 and 5 undergo thermal cis-
trans isomerisation to form complexes 3a and Sa, but it was not possible to isolate the cis 
Isomers. 
8. Complexes 3-9 form SA meso phases at much higher temperatures, with much larger ranges of 
mesophase existence compared to the free n-OST ligands, which form Ss and SE phases. This is 
probably a result of stronger intermolecular attractions due to the enhanced polarisation effects 











Unfortunately, in part due to the higher transition temperatures, complexes 3-9 decompose at the 
clearing point. 
9. The melting point transitions for complexes 3-9 were found to decrease regularly as the 
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Table lA.I: FT-IR spectroscopic data (in crn-I ) for free py, vnlpy and ligands" 
L V (C-H)b v(C=C) v(C=N) v (C-C) v(O-C) V(C-H)d 
py 3040 s 1599 s 1439 vs 
1483 s 
vnlpy 3094 me 1597 vs 1409vs 991 vs 
3045 s 1548 vs 929vs 
1495 s 1859 
4-OST 3071 2961 s 1592 vs 1417 s 1252 vs 1193 s 968s 
3034m 2874 s 1550w 1175 vs 
1512 s 
1475 m 
5-0ST 3071 we 2958 s 1592 vs 1417 s 1253 vs 1193 s 968 s 
3035 m 2873 s 1550w 1175 vs 
1512 s 
1470m I 6-OST 3071 we 2932 s 1592 vs 1416 s 1249vs 1193 s 968s 
3034m 2860 s 1551 w 1175 vs 
I 1512 s 1470m 7-OST 3072 2931 s 1592 vs 1417 s 1253 vs 1193 s 968s 
3035m 2858 s 1550w 1175 vs 
1512 s 
1470m 
8-OST 3072 w· 2929 s 1592 vs 1417 s 1253 vs 1193 s 968 s 
3035 m 2856 s 1550 w 1175 vs 
1512 s 
1470 m 
9"'()ST 3072 2928 s 1592 vs 1417 s 1253 vs 1193 s 968 s 
3034m 2856 s 1550w 1175 vs 
1512 s 
1470m 
3072 2927 s 1592 vs 1417 s 1252 vs 1193 s 968s 
3034m 2856 s 1550w 1175 vs 
1512 s 
1470m 
a = spectra were windows, b = aromatic stretch, c= 












Table spectroscopic data (in cm- l ) for CIAu(L) 
Complex L V (C_H)b v (C-Ht v(C=C) v (C=N) v(C-C) v (O-C) v(C-m
ot v(Au-CO· 
1 py 3043 m 1611 s 1454 vs 349 s 
1486 m 
2 vulpy 3098 1620 vs 1433 vs 987vs 353 s 
3048 s 1546 s 1417 vs 941 vs 
1501 s 1884 
J 4"()ST 3046m 2961 s 1599 vs 1436 s 1250 vs 1198 s 969 s 355 s 
2874 s 1513 s 1175 vs 
1475m 
4 5,,()ST 3046m 2958 s 1599 vs 1437 s 1251 vs 1198 s 968 s 361 s 
2873 s 1513 s 1175 vs 
1470m 
5 6"()ST 3044m 2933 s 1599 vs 1436 s 1250 vs 1198 s 968 s 353 s 
2860 s 1513 s 1175 vs 
1469m 
6 3044m 2930 s 1599 vs 1437 s 1251 vs 1198 s 968 s 357 s 
2858 s 1513 s 1174 vs 
1469m 
7 8-0ST 3045 m 2929 s 1599vs 1437 s 1251 vs 1198 s 968 s 341 s 
2856 s 1513 s 1174 vs 
1469 m 
8' 3045 m 2928 s 1599vs 1437 s 1254 vs 1198 s 968 s 348 s 
2856 s 1513 s 1174 vs 
1469m 
9 IO-OST 3047m 2927s 1599 vs 1437 s 1251 vs 1198 s 968 s 342 s 
2855 s 1513 s 1174 vs 
1469m 
d ::::: alkane out-of-plane bend, e = obtained as a nujol mull between 
overtone, m = medium, s = strong, vs = very strong. 
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1 data comolexes their 2A.3: H- ill 
B J(Hz) 
He 
2H 2H IH 
8.39 7.04 7.43 4.2 7.6 0.4 1.7 
td dddd dtt 
8.61 7.57 8.03 4.9 7.8 1.6 
td ddd tt 
Hb Ha-& Hd-H,,<is 
2H 2H IH IH IH 
8.44 7.13 6.52 5.83 5.35 4.4 1.7 17.6 10.9 0.6 
dd dd dd dd dd 
8.52 7.49 6.70 6.15 5.76 5.2 1.6 17.4 10.8 
dd dd dd d d 
15 
Cd C. C. 
py 149.4 123.4 135.7 
ClAu(py) 152.2 126.8 139.9 
150.0 134.6 144.5 120.6 U8.5 
152.0 148.4 123.4 123.2 
a= AA'XX' and t = triplet. 
242 
University of Cape Town
Table 2A.4: IH_NMR spectroscopic data for n-OST ligands in CDCb. 
n Ha Hb Hd H. Hg Hh Hj Hk HI Hrn Ho 
AA'XX' AA'BB' AB AD AA'XX' AA'XX' t qn qn m t 
2H 2H IH IH 2H 2H 2H 2H 2H 3D 
4 8.53 7.31 6.85 7.23 7.45 6.90 3.98 1.77 1.50· 0.98 
(6.4) (6.0) (16.4) (16.0) (8.8) (8.8) (6.6) (7.0) (7.4) (7.4) 
5 8.53 7.32 6.86 7.24 7.46 6.90 4.00 1.80 1.41 b 1.41 b 0.94 
(6.0) (6.4) (16.4) (15.6) (8.8) (8.8) (6.6) (7.0) (7.2) 
6 8.54 7.32 6.86 7.25 7.46 6.91 3.98 1.79 l.47 1.34 0.91 
(6.0) (6.0) (16.6) (16.4) (8.8) (8.8) (6.5) (6.7) (7.4) 4H (7.1) 
7 8.53 7.31 6.85 7.23 7.45 6.89 3.96 1.78 1.46 1.33 0.89 
(6.2) (6.2) ( 16.3) (16.3) (8.9) (8.9) (6.5) (7.1) (7.6) 6H (6.9) 
7° 8.52 7.34 6.90 7.28 7.49 6.91 3.99 1.80 l.46 1.33 0.91 
(6.0) (6.4) (16.0) (16.4) (8.4) (8.8) (6.6) (7.1) (6.7) 6H (7.0) 
8 8.53 7.31 6.85 7.24 7.45 6.90 3.97 1.79 1.46 1.29 0.89 
(6.0) (6.0) (16.4) (16.8) (8.8) (8.8) (6.4) (7.2) (7.6) 8H (7.0) 
9 8.54 7.32 6.86 7.24 7.46 6.90 3.98 1.79 1.46 l.28 0.88 
(6.0) (6.0) (16.4) (16.0) (8.8) (8.8) (6.6) (7.2) (7.6) IOH (6.8) 
10 8.54 7.32 6.86 7.24 7.46 6.90 3.98 1.79 1.46 l.28 0.88 
(6.4) (6.4) (8.8) (16.0) (9.2) (8.8) (6.4) (7.1) (7.6) 12H (7.0) 
a = sextet, b = one signal which forms a multiplet intergrating for 4H, c = in CD2Ch, t = triplet, qn = quintet, m = multiplet. 
v 
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Table 2A.5: IH_NMR spectroscopic data for ClAu(n-OST) complexes 3-9 in CDCh. 
Complex n H. Hb Hd H. JIg Hb Hj Hk HI JIm Hn 
AA'XX' AA'BB' AB AB M'XX' M'XX' t qn qn m t 
2H 2H tH tH 2H 2H 2H 2H 2H 3H 
3 4 8.41 7.49 6.85 7.40 7.51 6.92 4.00 1.78 L50' 0.98 
(6.8) (7.0) (16.0) (16.0) (8.9) (8.4) (6.4) (7.0) (7.5) (7.4) 
4 5 8.41 7.50 6.86 7.40 7.51 6.92 4.00 1.80 1.41 b 1.41 b 0.93 
(6.8) (6.8) (16.4) (16.0) (8.8) (8.4) (6.6) (7.0) (7.0) 
5 6 8.41 7.50 6.86 7.40 7.51 6.93 4.00 1.80 1.47 1.34 0.91 
(6.8) (6.8) (16.4) (16.4) (9.2) (8.8) (6.6) (7.2) (7.6) 4H (7.0) 
6 7 8.41 7.50 6.86 7.40 7.51 6.92 3.99 1.80 1.46 1.32 0.89 
(6.9) (6.8) (16.2) (16.2) (9.2) (8.7) (6.6) (7.0) (7.1) 6H (7.0) 
7 8 8.41 7.50 6.86 7.40 7.51 6.92 3.99 1.79 1.46 1.31 0.88 
(6.8) (6.8) (16.4) (16.0) (9.2) (8.8) (6.6) (7.1) (7.3) 8H (6.8) 
8 9 8.41 7.50 6.86 7.40 7.51 6.92 3.99 1.79 1.46 1.28 0.88 
(6.8) (6.8) (16.0) (16.4) (8.8) (8.8) (6.4) (7.1) (7.2) . lOH (6.8) 
9 10 8.42 7.50 6.86 7.40 7.51 6.93 3.99 1.80 1.46 1.27 0.88 
(6.8) (6.8) (16.4) (16.4) (9.2) (8.8) (6.6) (7.0) (7.3) 12H (6.8) 
a== sextet, b = one signal which forms a multiplet intergrating for 4H, t == triplet, qn = quintet, m = multiplet. 
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2A.6: for n-OST In 
n C .. Cb Cd C. Cr Cg Ch Cj Cj CI 
4 150.0 120.5 145.0 123.5 132.7 128.6 128.3 114.8 159.7 67.7 19.2 31.2 13.8 
5 150.0 120.5 145.0 123.5 132.7 128.6 128.3 114.8 159.7 68.1 28.1 22.4 13.9 
6 150.0 120.5 145.0 123.5 132.7 128.6 128.3 114.8 159.7 68.1 25.6 3 29.1, 14.0 
22.5 
7 150.0 120.5 145.0 123.5 132.7 128.6 128.3 114.8 159.7 68.1 25.9 14.0 
7" 140.3 110.7 135.1 113.7 122.8 118.9 118.5 104.9 150.1 58.4 16.2 4.0 
8 150.0 120.5 145.0 123.5 132.7 128.6 128.3 114.8 159.7 68.1 26.0 14.0 
22.6 
9 150.1 120.6 145.0 123.5 132.8 128.7 128.3 114.8 159.8 68.1 26.0 31.8.29.5. 14.1 
10 150.0 120.5 145.0 132.8 128.6 128.3 114.8 159.7 68.1 26.0 14.0 
a in ~~·"~"L. 
2·45 
University of Cape Town
complexes 3-9 in CDCh. 
n (;" (;11 Cd Cb C; 
3 4 151.6 122.8 149.0 120.8 137.3 127.5 129.1 115.0 160.8 67.9 19.1 31.1 13.7 
" 5 151.6 122.8 149.0 120.8 137.3 127.5 129.1 115.0 160.8 68.2 28.1 22.4 13.9 
5 6 151.6 122.8 149.0 120.8 137.4 127.5 129.1 115.0 160.8 68.2 25.6 31 29.1, 14.0 
22.5 
6 7 151.6 122.8 149.0 120.8 137.3 127.5 129.1 115.0 160.8 68.2 25.9 3 29.1, 14.0 
22.5 
7 8 151.6 122.8 149.0 137.3 127.5 129.1 115.0 160.8 68.2 25.9 14.0 
8 9 151.6 122.8 149.0 120.8 137.3 127.5 129.1 115.0 160.8 68.2 25.9 14.0 
29.1,22.6 
9 10 151.6 122.8 149.0 120.8 137.3 127.5 129.1 115.0 160.8 68.2 25.9 14.0 
2-46 
.. IIIIIIIIIIIIIII'" 
University of Cape Town
data 3/3a and 
n Hs Hb iLl He H" H" H, Hk H. Hn 
m t 
2H tH tH 2H 2H 2H 2H 2H 
J 4 8.39 7.49 6.84 7.38 7.48 6.91 3.99 1.77 0.97 
(5.6) (16.4) 
Ja 4 8.27 7.17 4.37 4.50 6.97 6.74 3.86 1.71 1.46- 0.94 
(5.6) (17.2) (16.8) (7.6) (7.6) 
S 6 8.39 7.48 6.84 7.38 7.49 6.91 4.98 1.78 1.45 1.32 0.89 
(6.8) (7.4) 4H (6.8) 
Sa 6 8.28 7.18 4.38 7.51 6.97 6.74 3.85 1.72 1.45 1.32 0.89 
(6.4) (8.4) (7.2) 4H (6.8) 
a = octet 
data complexes 3/3a nd 
n l: .. l:b l:. Cr Cb Ci 
J 4 151.6 122.9 149.1 120.9 137.4 127.6 129.2 U5.1 160.9 67.9 19.2 31.2 13.9 
Ja 4 151.2 126.0 154.2 47.2 45.9 128.6 128.7 115.0 158.6 67.8 19.2 31.2 13.8 
5 6 151.6 122.9 149.1 120.9 137.4 127.5 129.2 U5.1 160.9 68.3 25.7 3 14.0 
22.6 




















CHAPTER 3. Synthesis, characterisation and mesomorphic behaviour 
of RAuL complexes, R = perhalophenyl and L = 7-0ST 
Introduction 
In this the synthesis and characterisation of of the type RAu(L), L = 
and R = 2-C6F 4Br, 4-C6F ~r or Jl-4,4' -C6F 4C6F 4 be discussed. 
complexes are all mesomorphic and liquid crystalline properties are discussed and 
compared with complex 6, CIAu(7-0ST), discussed in section 2.3.8. similar 
RAu(isocyanide) were reported by Pablo and co-workers l to 
exhibit liquid crystalline behaviour, the RAu(n-OST) VUI11U''''';'''_i'J 11, 13, and 18 were 
complexes. crystal structure of pomp lex 11 was elucidated and 
its molecular structure was investigated. 
3.1.1 Importance of fluorine in crystalline mn,f~rinl.'i1 
Fluoro-substitution in organic arene liquid crystalline compounds is commonly used to 
liquid-crystals with lower melting points and to give molecules increased positive or 
negative dielectric anisotropy. 2 The <>1'N\nO d~pole moment of the carbon-fluorine IS 
responsible dielectric anisotropy. One disadvantage of ........... uF. fluorine 
substituents though, is a resulting decrease in the temperatures by about °c 
per substituent. 3 Nonetheless, liquid crystals with highly fluorinated 
aromatic substructures meet most of the required liquid crystal such 











major of liquid-crystal mixtures for active matrix 3 Fluorine 
substituents metal-containing liquid crystal systems have been found in to 
induce to observed in conventional liquid crystals and 
have recently been introduced to gold(I) liquid crystal systems. 1,4 
3.1.2 Arylgold(l) chemistry 
The first arylgold(I) complex was synthesised in 1931,5 but it was only after 1970 that 
arylgold(I) chemistry matured, with about new compounds reported by 1985.6 
The recent rapid development is due to the use of perhaloaryl species (e.g. C6CIs, 
C6F3Hz) in the synthesis isolation of arylgold(I) complexes. 7,8 The 
perhaloarylgold(I) complexes been to be particularly thermally stable, most 
probably due to the strong electron-withdrawing nature of the perhaloaryl 
Organometallic transition-metal .... v ... v .......... ,,," with perfluorinated ligands are generally 
found to be thermally more stable than their hydrocarbon equivalents this can be 
attributed to a combination of thermodynamic and kinetic factors. 9 fluorides are the 
most likely decomposition products and their higher lattice that the 
perfluorinated transition should thermodynamically stable than 
hydrocarbon analogues. Higher thermal stability is thus most likely attributable to the 
perfluorinated complexes having bond dissociation energy. low-lying 
mOleClluar orbitals effectively lend themselves to metal-arene backbonding, in the case of 











Perhalophenyl, as opposed to phenyl <Tt*n ..... C! were thus chosen because of their relative 
stabilities9 and because the electronegative fluorine atom has shown to impart 
polarisabilities cornpa:red to nOJI-Uuori:na.ted liquid crystalline compounds,2,] 
higher polarisabilities have important implications liquid crystal technologies. 
search of the LaJDorUl Crystallographic Database, CCD,1O linear two-coordinate 
gold(I) complexes "",,...:;au,,,,,. 45 structures gold is bonded to phenyl (or substituted 
phenyl) rings and 11 structures where bonded to py substituted py) 
(Table 3.1). Weak Au ... Au intermolecular bonding interactions (section 1.4.1) were 
reported for some the structures, but were still considered as two-coordinate 
complexes. 
Table 3.1: Results of CCD search (October 1998) for RAuL complexes. 
R-group search 
b 
a = other 
P 
C (12 structures) 
P (10 structures) 
Ct, or S (l structure each) 
P (9 structures) 
N, or As (l structure each) 
Pyridine 
(2 structures) 
CI, I or C (1 structure 





From Table 1 it can be seen that no crystal of two-coordinate linear 











ligands have reported. The crystal structure of a binuclear mesitylgold(I) complex 
(Figure 1) with a bridging been determined, 11 but the C=N group was 
reported to u!n,-ri", ... Al1 and the ."''',0'''. was not determined. The other 








.. ' .... , ....... 3.2: Molecular structure of perl1uorophenylgold( diphenyldiazo )12 
In the case of the mesityl arene the ortho substituents play a major 
stabilising gold(I) complexes1] and probably prevents ro(,mOln of the aryl 

















between the filled 1t d-orbitals, and of gold (I) (section 2.3.1) and empty 1t* 
orbitals of the aryl group. 
literature6,7,8 and structures oDtamC~Q 
of arylgold(I) complexes reported in the 
the CCD, CJfsAuI(L) complexes are stable 
when L is a phosphine or 
isocyanide "5'Ul .... ", 
. III meslty or 
trans 
Although the only .. "' ..... "'n'''11 
complex is a 
"a~'''-' All other types of L groups, even some 
with substituted phenyl rings such as 
aryl-AuI bonds. This is due to the 
1). 
structure in the CCD of an r~~anomletalH 
AuI and AuIII complex containing 
bis(diphenylphosphino )methanide ligand,t6 the binuclear ~-4,4' -bipy(AuCJ's)2 "'V""Vl~'''' 
has been prepared as a air- and moisture-stable solid (Figure 3.3).17 
Molecular structure of ~-4,4' -bipy(AuC6Fs)2
17 
1 
RAu(tht) """ ... v .... ' ..... "'''' and 16 were synthesised in a two 
3.1). In the aryUithium reagent was generated at 











butyllithium h d' I' d 18 1920 an our, accor mg to Iterature proce ures. ' , 
lhr40min 
U + n-BuBr 
2hr 20minl 
°c CI-AU-(J 












Scheme 3.1: Reaction scheme the synthesis ofRAu(7-0ST) complexes from 
RAu(tht) 
second involved the reaction a slight excess of the aryllithium reagents 
CIAu( tht) to form corresponding RAu( tht) according to literature 











above 0 °C to keep complexes 10, 
solids, below 0 at all 
The reaction complexes 10, 
and these compared well with literature 
due to the 
reaction. Some product could thus 
mixture saturated and lost with 
14 and 16, which Ul"",rp isolated as white 
14 were quite 
21 The reason 
86 to 98% 
lower yield of 34% 
that insufficient solvent was used during 
precipitated solution when the reaction 
reaction residue 
In support 
reaction "".,~, .. n .. "" 
explanation is the 
recrystallised 
that some of the product was extracted 
dichloromethane/hexane (chapter 6). 
3.2.2 oJRAu(7-0ST) complexes 
The RAu(7-0ST) complexes 1 13, 15 and 18 were synthesised in a similar manner to 
complexes 3-9 (section 2.2.2) displacement of tht with 7-0ST in warm toluene (60 
°C), as in scheme 3.1. to the thermal CIAu(tht) complexes 10, 
12, 14 16, the reagents were initially added at 0 to reduce of these 






















Reaction scheme for the UUl''''i!lIi!I of complexes 16 and 17. 
RAu(n-OST) complexes form yellow (complex 18), green-yellow (complexes 11, 15) or 
white (COmplex 13) air- and moisture-stable crystals with crude yields ..... 1"5, .. "1"5 :from 53 % 
to 76 %. 'VV"UiJ""'''''''J'' 11 and 18 were purified recrys1taUllsatlon :from toluene/pentane or 











2 cm long, Pasteur pipette column made up of and with dichloromethane as an 
eluent. Complexes 11, 13 and 15 are soluble to complexes 3-9 (section 
2.2.3) and are similarly unstable when in SOllmon, with decomposition accelerated when 
the solutions are exposed to light. Complex 18 is not very soluble in most organic 
solvents, but does dissolved in dichloromethane, deuterochloroform, acetone and DMSO 
with heating to form very dilute solutions, decomposing rapidly in warm DMSO. It is 
insoluble in warm methanol and "''''., ........ , ... +. ... 1 
3.2.3 Attempted synthesis 
The synthesis of 
the synthesis of RAu(7-0ST) conlple:xes 
a method similar to that used for 
;;)ecl[lOn 3.2.2), as wen as by reacting C6HSLi 
attempts were unsuccessfuL Similarly, mesitylgold(I) directly with CIAu(70ST). 
complexes have been found to form stable compounds with various phosphine ligands, 
but not with or or S-donor ligands such as pyridine, AsPh] or tht. U 
arylgold(py) complexes with stable C-Aul bonds are formed when the aryl IS 
C!iFs, but not phenyl or mesityl groups. 
3.3 Characterisation RAu(tht) and RAu(7-0ST) complexes 
RAu(tht) 14,16 and 17 were characterised mainly via v(C-F) and 
Au) 1) were used in the next step without further purification. RAu(7-
OST) comOlex.es 18 were characterised by elemental 
















acetone (Table 3.7). These complexes were also 
"' ....... u .. "" behaviour and their mesomorphic properties were 
(DSC) and optical microscopy teclll1lQlues 
complex 11 are presented in 
complexes 10, 11~ 12, 13, 15 and 18 (Table 3A.l) was 
gold(I) complexes6 usually occurring in the region 580-530 
bands of the aryl groups were found to be useful 
characterisation and assignments for complexes 10-18 was made by comparison with 
literature values,21 as well as comparison with the v(C-F) of the respective "'1"Q·rt .... 'n 
n.,. ..... rn n ,,, ... ,1 compounds (Table 3A.l). The assignments for the FT-IR "' ...... ,,..h-.. of the 
ligand ,",VAU...,""",..'''''''' 11, 13, 15 and 18 were made by comparison to the 
(section 2.2.3). 
J3C_NMR spectra 
13C_NMR spectra of the 
on the basis of HETCOR "' .... ,,",,"'1" .... 
to complexes 3-9 (section 2.2.3). 
spectra of complex 15 are presented 
150 ppm region of the 13C_NMR ",,,,,,,,,,..1"...,. 
ligand 
were 
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probably to the carbon nuclei perhaloaryl groups a long relaxation time, 
resulting in the intensity decreasing below instrumental detection limits. Solubility 
problems were experienced for 18, which was sparingly soluble CDCh. 
Although it was more soluble CD2Ch, a better it was 
for comparative purposes to collect the IH_ and BC-NMR of complex 18 
CDCh, allowing for data collection times of8.5 and 10.9 hours respectively. As 
a result of a slight downfield of the proton complexes 11, 13, 15 and 
relative to the complex peak between Hb and was observed, with 
the Hb peak slightly more downfield than 
3. Assignments for spectra 
The 19F_NMR chemical shifts of complexes 10, 11, 13, 16 and are reported 
relative to Assignments were made by comparison with similar 
perhalophenylgold(I) complexes} are reported Tables In cases 
complexes 10, 11 and 16, the spectra were initially measured relative to 
bromopentafluorobenzene, which has three peaks at 84.01 (Pb), 62. and 56.14 
ppm.22 Bromopentafluorobenzene was subsequently measured to with the 
three appearing at -154.16 and -160.20 ppm. difference 
216.35 ppm was then subtracted from spectral of complexes 10, 11 16 to 
give values relative to CFCh. The 19p_NMR of complexes 12 and 14 were not 
determined, and data was obtained from literature.1The patterns for the 19F_NMR f;!,.,."", .... Tr'" 
of these complexes are typical of what is commonly observed for perhalophenyl 











Figure 3.7: 19F_NMR spectrum CDC!), 











system, complexes 12 and 13 a first AKRX spin system and complexes 14 and 15 
an system with ~ Jxx' (Tables 3A.5-6).1 The 19p_NMR spectrum of 
complex 15 though, shows that the doublets of Fb are distorted and are 
flanked two pseudotriplets (Figure The triplets probably indicate coupling of Fa 
and Fh with Fa' and Fh'. The spectra of complexes 16 and 18 also do not reflect a typical 
AA'XX' spin system, but rather exhibit two complex multiplets 3.8). Cross-
coupling of the fluorine atoms on one tetrafluorophenyl with those on the adjacent 
ring most likely causes this. The afore-mentioned patterns have been observed similar 
gold(I) isocyanide complexes. 1 
X-r~ photography and intensity data collection jar complex 11 
Preliminary unit cell parameters and group data were detennined from oscillation 
and precession photographs taken with CuKa-radiation (A. = 1.5418 on Stoe 
goniometers. Laue symmetry 21m was revealed on the photographs, indicating the 
monoclinic crystal system. The conditions for observed reflections were: hkl none, hOI 1 
= OkO k = 2n, which indicated space group P2dc (No. unambiguously. 
For intensity data-collection (Table a small single crystal was selected and mounted 
on a fibre. Data were collected the crystal to detector distance fixed at 45 mm 
and using a strategy based on a of and (J)-scans with rotations of between 
frames. Data were corrected for absorption23,24 and Lorentz-polarization effects and 
reduced to a unique set.2S,26 The structure was solved by the heavy-atom procedure 
location of the gold atom three-dimensional Patterson function, the 











synthesis phased on gold atom coordinates. The structure was refined using "",A .u ..... ...,J,,-
cycles of refinement, the non-H atoms were tr"'~lt.,.... anisotropically. All 
hydrogen atoms were included in idealized positions with C-H in the range 0.93-0.97 A 
depending on the (i.e. methyl, phenyl, methylene) and were 
treated isotropic ally with a common variable which ... LUl' ....... to 0.11(1) 
Table Crystal and structure refinement complex 
Compound 









Absorption '"'v, ............... l .. 
Diffractometer 
Radiation I wavelength 
F(OOO) 
Crystal 
29 range for data collection 
Independent reflections [I> 20'(1)] 
Absorption correction 
Absorption correction factors 
Refinement method 
Computing 
I restraints I pw'ameters 
Goodness-of-fit on 
SHELX-93 weight ow'ametelrs 
index (all data) 





a 5.744(1) A, a = 900 
b = 026(1) A, 13 103.98(1t 




6.080 mm- l 
KAPPA CCD area detector 
MoKa (graphite monochrom.) I 0.71069 A 
1280 
















3.4 Discussion of I"HII"t~ 
3.4.1. 7-0ST ligand SJ)eICtrG'SCO'1J1C data for RAu(7 -OST) complexes 
ClAu(7-OST) 
The 7-0ST ligands were mVlestl:gatc~ using FT-IR, IH_ and "-'-.. 'I ......... " spectroscopy. It 
can be seen from v(Au-C) and v(Au-CI) values (Table3.3) that the ",""""rCR' the Au-C 
bonds of complexes 11, and 18 are quite similar to each other and slglmnCarltly 
higher than complex 6. This would indicate Au-C bond is 
stronger than bond. This mayor may not have an on the Au-N bond 
strength, could changes in the electronic of the highly 
conjugated 1-0ST 
Table 3.3: bands ofRAu(1-0ST) complexes and 18 
v(Au-R) v(C=N) v(C-~1: Complex Rgroup 
em-1 em-1 em-1 
6 CI m 1431 s m m 
11 600m 1445 s m 3031 m 
13 580m 1426 s m 3039m 
594m 1435 s 1458 m 3039 m 
580m 1435 s 1463 m 3039 m 
m 
The variance as R group Challl1l;C~S cODlple:xes (Table 3.3) ranges 
from 1426 to cm-I . v(C=N) does not cnange slg111n(~n1:I} as R changes a 
halide conlDU~x 6) to an aryl group (complexes and 18). It can be assumed 
then that the bond strength remains reasonably constant regardless of whether AuI 
is bonded to a perhaloaryl group with one aromatic or a The FT-IR, IH_ and 











when R == perhaloaryl (complexes 11, 13, 15 and 18), again indicating that the AuI 
bond is not affected by the of the R group. Their FT -IR spectra (Tables and 
3A.2) are almost identical except small in v(C=N), and 
~)',,,ullwu .. reported in Table Similarly, their IH_ 13C_NMR were found to be 
CU":'V"~ identical (Tables 2A.5, 2A.7, 3A.3-4), with slight differences noted for complex 
18. 
The protons of complex 18, where the aryl group has two aromatic rings, are slightly 
more shielded compared to complexes 6, 11, 13 and the most noticeable 
difference observed for of the py which has a do (ppm) of -0.34. The py ring Cc 
nucleus complex also more shielded (Ao = -5.4 ppm) compared to conlDu;::xes 6, 
13 and but most the other carbon of con1:pu:~x 18 are relatively more 
de shielded. For example, the to en atoms of the chain become deshielded with 
do values of about .9 ppm relative to complexes 6,11, and 15. 
These changes in 
basis of enhanced 
IH_ and 13C_NMR spectra of complex 18 cannot be explained on the 
U~ltIOln effects (section The increased density of 
ring of complex 18 could indicate that the 1J.-4,4'-C~4C~4 group the 
stability of the Au-N bond, relative to complexes 6, 11, 13 and 15, by promoting n:-back-
bonding of AuI d-orbitals into n:* orbitals of the ligand 2.3.1). Complex 18 
thermally more stable and much higher transition temperatures than complexes 6, 11, 










Spectroscopic rhllrnfTl:>.\' in R groups between RAu(tht) RAu(7-0ST) complexes 
The groups complexes 10-18 were investigated with FT -IR (v(C-F) and v(Au-C) 
bands) 19F_NMR spectroscopy. The v(Au-C) for RAu(tht) complexes 10 and 12 were 
found to be 10 cm-1 than corresponding RAu(7-0ST) complexes 11 and 
(Table 1). The bond is thus slightly stronger the 7-0ST compared to 
more labile tht ligand, but does not seem to for R groups of the same 
ligand. This indicate 7 -OST is more electron-donating than tht. 
RAu(tht) RAu(7-0ST) complexes 100U~ has lower v(C-F) values compared to their 
corresponding bromo aryl compounds (Table 1). The symmetry of the group 
affects changes in v(C-F), with v(C-F) values of the more symmetrical para-substituted 
RAu(tht) and RAu(7-0ST) complexes 14, 15, 16 18 remaining constant irrespective 
of whether the is tht or 7-0ST. the less symmetrical groups, v(C-F) of 
RAu(7-0ST) complexes 11 and were found to increase by about 9 to 18 
-colrnmt.rea to RAu(tht) conlDle:xes 10 but a of by 8 also 
observed one v(C-F) 
group, tht or 7-0ST, as well as 
for complexes 10-18 thus 
symmetry of the R groups. 
according to the L 
The (ppm), and hence density, experienced by the fluorine of 
complexes 11, 13,15 and 18 (Table 3.4) when tht is replaced by 7-0ST indicates that 
nature of the L ( tht or 7 -OST) not only affects to nature of the Au-C bond, but also 
the electronic environment of the F atoms in the R This is supported by 











Table 3.4: values for spectra of RAu(7-0ST) complexes 11, 13, and 18 
relative to the corresponding RAu(tht) complexes 10, 12,14 and 16 
Complex Rgroup .18 (ppm) 
FIl(ortho) Fb(meta) Fc:(para) Fb,(meta) 
11 -0.49 12 -0.91 
+0.49 -0.32 -0.75 +0. 
4-CJ48r +0.39 -0.41 
18 Jl-4, 41-~ 4C6F 4 -0.20 -0.67 
3.4.3. Spectroscopic changes between R groups for RAu(tht) and RAu(n-OS1) complexes 
the electron-withdrawing properties a bromine substituent on a phenyl 
ring, the and nuclei of RAu(tht) and RAu(7-0ST) complexes 12-15, which have 
mSlmu.ems. would be expected to shift upfield relative to complexes 10-11, 
downfield in the case of the nucleus. Fa atom of complexes expenence a 
significant ,nr"A''''' shift of about +52ppm (Tables 3A5-6). a lesser extent, of 
complexes 12-13 is also snlttea by ........ r.nrn Conversely, a downfield 
IS for complexes 12-13 (-37ppm) compared to complexes 14-15 (-15ppm). 
As and Fb is observed (Tables 3A5-6) for complexes 16 and as 
complexes ........ -A...,. the _'Oc, .... ·",rl.u.L. = tht or 7 -OST) rr8jgment can also viewed as 
behaving in a similar manner to -Br rra:gmem as an electron-withdrawing substituent 
in the position. 
3.4.4 Crystal molecular structure of complex 11 
The conformation a molecule of complex 11 with atomic numbering scheme can 











parameters, bond lengths, bond angles torsion angles complex 11 is given in 
well with Au-N bond Tables 3A.7-11. The Au-Nl bond length (Table 3.5) \.AJlI'UL" 
lengths reported for various (or substituted py) gold (I) connDlc;~xes with halide
29
, 
phosphine30,31,32 organic16 or N-donor Iigands. 12,33 
Table 3.5: :Sellectc;:d bond lenlrths a bond aUJ,la";;;::I and torsion anglesb for complex 11 
Au-Cl bond 3.5) is comparable to only reported Au-C length 
1.992(6) A a linear C6FSAuL complex bonded to aN-donor ligand.12 values 
are in agreement with reported Au-C bond lengths linear gold(I) complexes with 
pentafluoropheny134,35,36,37 and aryl ligands. 1l,38,39 The -Au-Nl bond angle is 
almost at 179(lt. 
alkene C 1 3 bond length 1.28(2) is shorter than the adjacent 12 and 
Cl 14 bond lengths (Table and confirms the double bond character of the C 12-
C 13 bond. The C9-C 1 14 torsion angle (Table confirms that the bond 
.., •.• m ........ "" 11 is the trans confonnation. IOGlkUIQ at the torsion angles about the 
C12 and Cl 14 bonds it can be seen that the alkene bond is co-planar with 
3-22 























py ring, but ---=--.-1 (about 1 from co-planarity with the phenyl ring, C 14 
to From the torsion angles about l"",rll"lnn atoms chain 3 .5), it 
can be seen that chain not deviate much planarity, PYl'pnt the 
torsion angle of -174(1 t, which indicates that the alkoxy chain is 
---""'.-.-J bent (about at the oxygen atom relative to ring, C14 to C 
weighted least-squares planes 
pentafluorophenyl, C 1 to 
the groups 
, C7 to Cll, 
atoms defined by the 
phenyl rings, C 14 to C 19, 
were calculated 3A.12-14). sum of the "' ....... , ........ ' ... relative .. ~ ............ 
the atoms in the respective rings from their calculated planes were 
0-2 4.681 indicate all three are planar. The 
between the planes were also calculated and the results that the 





hetw~'.n the planes defined by the C~5 (C1 to C6), py (Nl, 
tilt directions were determined by the relative displacements and C 11 
atoms of the py to the plane defined by the and the C and C 19 atoms of 
the phenyl to the plane the py C7 and CII atoms were displaced 
0.05 above O. below the nng (Table CIS 











(Table 3A.l3). The magnitude of the dihedral angle between the py and phenyl 
2or_C! with the torsion angles the alkene group and the py and rings 
(Table the relative standard of the torsion angles about the Au-Nl and 
Au-Cl bonds (Table 3A.ll) were very large (about 38 ,), the dihedral of (4t 
between the Cc;Fs and py rings is a better indication of their co-planarity. 
Intermolecular aIOltIllC distances between all atoms of n up to 4.00A were 
evaluated, but no significant contacts were found. This confirms that complex 11 has no 
Au ... Au intermolecular bonding interactions (typically between A) and a 
and monomeric structure (section 1 Figure 3.10 shows the packing of the 
molecules as viewed down the A Although molecules pack with the aromatic 
groups stacked below each other, various stereograms (Figures 3.11) that no 7t---7t 
stru:kutg effects occur. 
search of the CCDIO for stHbazole fragments resulted in five structures, three 
were various n-methyl-stilbazolium cations40,41 and one was 4-octyloxystilbazole with 
hydrogen bonding to 4-cyanophenot 42 The other crystal structure dimeric 
methyloxystilbazole)]silver(I) octyl sulfate hemihydrate43 is the only reported example 
a metal-containing alkoxystilbazole complex. The structure of the stilbazole of the 
latter complex is similar to that of complex 11, with planar py phenyl of the 
stilbazole ligands also relative ethane by 2.5 and 14.0; 10.6 and 






















3. Neutral or ionic molecular structure of complexes 11, 15 and 18 
with CIAu(n-OST) complexes 3-9 (section 2.3.6), neutral or ionic molecular 
of RAu(7-0ST) complexes were investigated using molar conductivity 
measurements, and spectroscopy, mass spectrometry and X-
ray crystallography. v(C=N) FT -IR spectra indicated that only one species 
(either neutral or ionic) exists complexes 11, 13 and 15 are dissolved in 
dichloromethane or complex 18 is crystallised dichloromethanelhexane (KBr 
disc). lH_,13C_ 19p_NMR spectra indicate that only one species is when 
complexes 11, 15 and 18 are dissolved in deuterochloroform. The molar 
conductivities complexes 11, 13 15 (Table 3.7) in acetone were found to be very 
small and similar to those obtained for complexes (section Table 2.3). 
Complexes 11, and 15 were thus also found to exist as the neutral ., .... ~ ... I~., in acetone. 
Table 3.7: Molar conductivities (A) RAu(7-0ST) """ ..................... ", m acet:one 
11 
18 








Only the 1'\"' ............ ion of .........,., ....... "4 11 [~5Au(7-0ST)r, was <letlect€:<l by FAB mass 
spectrometry techniques. As mentioned in section samples are in a 
(2-nitrobenzylalcohol). Complexes 13, 15 and 18 may have been stable in the matrix 














be unstable thermally (section 3.3.6) and solution (section 3.2.2). The parent ion 
of complex indicated that the RAu(7 -OST) complexes may exist as the neutral 
monomeric when dissolved in 2-nitrobenzylalcohol matrix. A small peak 
corresponding to [Au(7-0STht cation was again generally observed, but as stated in 
sectio!l2.3.6 could have been created during the analysis. 
An crystallographic study of complex n crystallised from toluene/pentane 
3.3.4) confmns that the complex is a species in the solid state is similar to 
was by F AB-MS when complex II was dissolved in the 2-
nitrobenzylalcohol Its molecular structure is monomeric when crystallised from 
toluene/pentane, as no intermolecular Au ... Au interactions (section 3.3.4) were 
detected. Conductivity measurements confirm that a neutral species also in 
acetone. and and 19F_NMR spectra merely indicate that both the neutral 
and ionic "'IJ"""""'''' do not coeXist in dichloromethane or deuterochloroform, but cannot 
differentiate between the two. 
Mesomorphic properties and decomposition 
comparison with ClAu(7-0ST) 
RAu(7-OST) and 
The transition temperatures and enthalpy of transitions for complexes 11, 15 and 18 
were recorded on the first DSC scan cycle (Table 3.8) and therrnograms of 
complexes n, 13 and are presented in 12-14. Two structural rearrangements 
the solid state are observed for 11 and 13, one complex and none 
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Figure 3.12: DSC thennogram of complex 11 with a 10 °C/min heating rate. 
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a = Cleltmlllg 
4-C~4Br 
traIllSlU()n tempceratlures \C) and LUI (kJ.mor1) for 
118 (2.8) 137 (30.2) 1 
166 (31.4) 222 
206 (15.4) 246 
microscope are uncorrcecte:Q. temperature quoted is the final dlS~lDnleanm 
transitions of complex 11 are reported with 
tr8I1Slttons occur close tORe!nJer 
anisotropy. b = the 
combined LUI value 
As previously nh"'''',"",l£.tt CIAu(7-0ST) complexes 3-9 (section no 
transitions were observed when the samples were rapidly precipitated. 
always precipitated rapidly solution and this may explain the aosenc:e 
transitions. Compared to ClAu(7-0ST) complex 6, which only exhibits a 
all 11, 13, 15 and 18 exhibit predominantly nel1natllC nllaS€~S. 
Only complex phase with a narrow temperature before forming the 
nematic The SA phase of complex 11 has a "'AU''' ...... texture to the SA 
phases of "",UIHU •. 1LiJ>..,, .. (section 2.3.8). The nematic phase was more fluid th8Il the SA 
phase scrullenm (plate 3.1) and nl!lrnU"t1 3.1) were observed. 
Application of pressure to the microscope cover slip 'W"UJ'L'WU. in the observation of 











Plate 3.1: Schlieren N texture of complex 13 at 164 °c (Ist cooling), crossed polarised 
light, and xlOx4x2 magnification. 
Plate 3.1: Marbled N texture of complex 13 at 145°C (1 st heating), crossed polarised light, 











As with complexes 3-9, no endothermic peak was observed in the DSC thermogram of 
complexes 11, 13, 15 and 18 at the temperature at which an optical observation of the 
clearing point transition was made. The clearing point transition temperature is thus only 
optically observed and is recorded as the final disappearance of the nematic phase. Unlike 
CIAu(n-OST) complexes 3-9, RAu(7-0ST) complexes 11, 13, 15 and 18 do not have a 
broad exothermic peak accompanying the clearing point, although accelerated mass loss 
and partial decomposition do occur. Even at a lower scan rate of 2 °C/min, the DSC 
thermogram of complex 13 seemed to indicate that the energy required at the clearing 
point transition for the RAu(7-0ST) complexes is below detection limits, with no 
corresponding change in heat flow at that point. A sharp decrease in heat flow in the DSC 
thermogram, often observed during decomposition processes, was however obtained in 
the case of complex 18, which decomposed completely at the clearing point. TLCs run on 
these complexes immediately after formation of the isotropic liquid state also confirm 
that partial decomposition has occurred, accompanied with the release of some stilbazole 
from the complexes. The accelerated mass loss at the optically observed clearing points 
for RAu(7-0ST) complexes can clearly be seen from an example of a typical TG 
thermogram (Figures 3.15). This is due to very gradual thermal decomposition on 
heating, which accelerates markedly when the complexes pass from the liquid crystalline 
into the isotropic liquid phase. Although the complexes 3-9, 11, 13 and 15 partially 
. decompose at the clearing point, liberating stilbazole, it is observed that some of the 
complexes still exhibit their liquid crystal phases during the second heating run, but at 











In any event, an orange liquid usually forms at the clearing point after the first or second 
heating run of the sample. On cooling, this orange isotropic liquid forms a very viscous, 
highly birefringent liquid crystal phase at about 155°C for complex 6 and l35 to l38 °c 
for complexes 11, 13 and 15. This viscous mesophase crystallised at about 60 to 69°C 
with further cooling, and melted with subsequent heating at about 65 to 78 0c. The first 
cooling scan of a DSC thermogram of complex 11 showed two small exothermic peaks at 
128°C and 67°C and the second heating scan has an endothermic transition at 71 °c, 
which corresponds to the above observations for the orange fluid. From the above 
information, it should be clear that the mesomorphic properties of these complexes 
should only be observed on the first heating run, as these complexes are thermally 
unstable. 
3.4.7 Changes in mesomorphic properties f RAu(n-OST) complexes and comparison 
with RAu(isocyanide) complexes} 
By comparing complex 6 (X = CI) with complexes 11, 13 and 15 (R = C6Fs, 2-C6F4Br, 4-
C6F 4Br) it can be seen that the more bulky perhalophenyl groups do not result in lower 
transition temperatures or shorter mesophase ranges, as observed in the isocyanide 
system. 1 The R groups are more bulky than the chloride group and it may be expected 
that they lower transition temperatures due to reduced lateral intermolecular interactions. 



































Figure 3.16: Graphical illustration of transition temperatures for RAu(7-0ST) complexes 
increased intermolecular attractive forces and conversely increased transition 
temperatures. The observed transition temperatures ofRAu(7-0ST) complexes compared 
with CIAu(7-0ST) is probably a result of a balance between these steric and electronic 
factors. 
The R groups formed RAu(n-OST) complexes exhibiting predominantly nematic phases 
whereas the chloride group resulted in SA phase formation (Figure 3.16). A similar 
preference of the R groups for forming nematic phases was observed for the 
gold(I)isocyanide complexes. 1 This implies that the complexes with bulky R groups have 












The smectic (SA) to nematic phase transition involves the slip of molecules from a 
structure with discreet aromatic and aliphatic regions to a structure where the aromatic 
and aliphatic regions are mixed.! Figure 3.17 (a) depicts a simple model of the aromatic 
interactions that favours the adoption of a smectic arrangement. 
J 1:+ 1:. ~ ............ .. • ........... • ... • ... ••• ... • .... "1'-~ __ u---lr ..... " .... nn •• 
...................... ~ 0- o+r· ......... ··· ........ · ........ 
(a) 
1 
• U .oo ..... J 1:+ I:_W,oooooooooooo, ......... .:. .... nvul'-u __ u---lrn""vnnn .. 
oo.oooooo .... J 1:- 1:+ l 
• ... • .. • .. • .... 1'-_ u _ u---'r··· .. ·_ .... · 
(b) 
Figure 3.17: Schematic representation of electronic interactions for the smectic (a) and 
nematic (b) molecular arrangements ofa rod-shaped dipolar mesogen! 
These electronic interactions have to be overcome to achieve mixing of aromatic and 
aliphatic regions (b) characteristic of the nematic phase of a dipolar molecule.! For 
complex 11, this slip occurs soon after melting, indicating the existence of ordered 
discrete aromatic and aliphatic regions in the solid phase, but complexes 13 and 15 melt 
directly into the nematic phase, indicating the presence of a less-ordered solid phase 
structure at or before melting. The R group of complex 11 does not contain a bromine 
atom and is slightly less bulky, which may explain why the more ordered SA phase 
initially formed. For complex 6 (and other ClAu(n-OST) complexes), the electronic 











The melting point transitions ofRAu(7-0ST) complexes 11, 13, 15 and 18 increase in the 
following order: 2-C6F.J3r < C~5 < 4- C~.J3r « 1l-4-4'-C~4C~4 (Figure 3.16). The 
clearing point transitions behave similarly, except for C~ 5, where it is slightly lower than 
2-C~ .J3r. The effects which bromine substituents on the perhaloaryl group may have on 
the mesophase transition temperatures can be explained by considering the following 
simple electronic and bulk effects: 
(i) Electronic effect: Irrespective of its position, the introduction of a bromine 
substituent would lead to higher values for the molecular polarisability as the 
bromine atom is more polarisable than the fluorine atom. This leads to increased 
intermolecular interactions which in tum leads to higher transition temperatures. 1 
(ii) Bulk effect: The bromine atom in the para position produces only a small change 
in the total length of the molecule, whereas in the ortho position it causes a 
noticeable increase in the width of the molecule. This leads to a reduction in the 
intermolecular attractions and lower transition temperature. 1 
It has been observed for similar RAu(alkoxybiphenylisocyanide) complexes l that for 
chain lengths n z 8 (Figure 3. 19), electronic effects dominate the liquid crystal behaviour 
and melting and transition temperatures increasing in the following R group order of C6F 5 
< 2-C6F.J3r < 4-C6F.J3r. For smaller chain lengths n :s; 6 though (Figure 3.20), it was 
found that bulk effects become more dominant, with the transition temperatures 
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Figure 3.19: Graphical illustration of transition temperatures for RAu(isocyanide) 





















Figure 3.20: Graphical illustration of transition temperatures for RAu(isocyanide) 











Figure 3.18: Schematic molecular structure of analogous RAu(isocyanide) complexes, m 
= 1,2, n = 4, 6, 8, 10, 121 
The trend in transition temperatures for complexes 11, 13 and 15 is similar to the one 
observed for analogues alkoxybiphenylisocyanide complexes with smaller chain lengths 
n ~ 61 and although the 2-C~4Br group is more polarisable than the C6FS group, complex 
13 has lower transition temperatures due to the 2-C~4Br group being more bulky. 
The significantly higher transition temperatures of the binuclear complex 18 (Figure 
3.16) suggests that much stronger intermolecular attractions must exist when R = 11-4,4'-
C~4C~4. It is well-known that the steric and electronic repulsions between fluorine 
atoms produce large twist angles (about 53°) between the two rings of the 
octafluorobiphenyl group, as found crystallographically for nickel complexes. 1 This 
reduces the 1t-conjugation between the phenyl rings of the R group of complex 18 to a 
very small value. 1 Thus polarisability, which is associated with the 1t-conjugation, will be 
very limited between these phenyl rings. 1 It is probably best to consider complex 18 to 
behave as a symmetric dimer with two separate monomeric molecules linked head-to-
head (Figure 3.21). The dimer has no net dipole moment but possesses a complex 
multipolar structure. 1 It has been proposed that a combination of the non-planar nature of 
the octafluorobiphenyl group (which hinders the adoption of a planar shape for a more 











appearance of the entropically favoured nematic phase in gold(I) isocyanide derivatives. l 
NIMI'" .. -· ...... • .......... ·~'-8_+ __ 8-l-H'-8_-__ 8--l+r··· ........... • .... --
_ ................. ~ 8+ 8-HL.-8-__ 8 __ +r ........ ' ............... _ .....  
(c) 
! 
........... _ ...................... , 8+ S-H'--~-__ 8.....J+ ~ ............................. ...... 
(d) 
1 
".",.. .... "".&"."""" ..... """,.. .. 41..-8_+ __ s---I-HI..-S_-__ 8---1+ ~ ..........................  
(e) 
Figure 3.21: Schematic representation of electronic interactions for smectic ( c), (d) and 
nematic (e) molecular arrangements of a symmetric multipolar rod-shaped mesogenl 
The same probably holds true for the complex 18, which also contains an 
octafluorobiphenyl group. According to the model for symmetric dimers (Figure 3.21), 
the most favoured electronic multipole-multipole interactions are probably represented by 
(d) rather than (c), so that some mixing of aromatic and aliphatic regions has already 











thus becomes thermally more accessible.} 
The isocyanide gold(I) complexes are thermally more stable, as most of the data for the 
transitions were collected on second scan, compared to the stilbazole 
complexes, which partially decomposed at the point. deshielding 
experienced by the fluorine atoms in the para position of R = C6Fs or 2-C6F48r 
OTnnn~ on of tht indicates that isocyanide is a good x-acceptor uE! .. , ..... , 
whereas the 7-0ST the shielding on displacement oftht 
indicates that the 7-0ST ligand is not such a 
>115 .. ' ..... ' resulting in weaker gold-ligand bonds. 
x-acceptor 
Gold(I)isocyanide complexes have much lower points and larger mesophase 
ran.ges than the analogous goId(I)(n-OST) complexes. RAu(isocyanide) complexes, R == 
C6Fs, 2-C6F48r and 4-C6F48r, also exhibits both SA and nematic phases, whereas the 
nematic phase is predominantly in the RAu(n-OST) complexes (Figures 
3.19-20). The isocyanide ligands thus tend to form gold(l) complexes with mesophases 
having weaker intermolecular attractive forces (i.e. lower melting temperatures) and a 
more ordered of molecules (initial formation of the SA phase) compared to 











1. 16 were complexes 10, 12, 14 
complexes 11, 13, 15 and 18, "'11"'U5'Ji:> 10 
with 7-0ST to form 
and A8 (ppm) of 19F_NMR 
the 7-0ST ligand induces changes the electronic environment of 
atoms groups. v(Au-C) also indicates that the Au-C bond is 
...... "",f'"" .. for RAu(7-0ST) complexes. 
2. As v(Au-C) for RAu(tht) or RAu(7-0ST) constant and 
nature of the R group, the Au-C bond was not am~CH~a by 
and for the R groups of 14 and are 
electron-withdrawing properties of the atom. 
were observed complexes 16 and 18, the -C6F 4AuL (L 





5. The "",I""" .. trr.n,," 
complexes 6, 
or CI) exc:eot 
complexes 11, 
observed in 
6. Changes in 
especially the 
R group was found to affect 
Vlf(mrrlent of the 7-0ST ligands 
seems to be independent of the nature 
R= even ... ..., .... "'11 
Au-Cl bond. The IH_ and 
were almost identical, however, 




13C_NMR spectra of the 7-0ST ligand conlOU;~x 18, 
electron density of the py ring, as wen as much transition 












7. crystallography studies indicate that complex 11 in the monoclinic 
system from toluene/pentane as a neutral and monomeric "'", .. , ...... '". The gold(I) atom is 
.n<",.',,, coordinated with no intermolecular Au ... Au bonding interactions. 1[---1[ " ..... " ......... ,1"0 
was not observed to play 
8. Calculated dihedral 
the packing 
betwec:m CGf 5, py and 
that they are relatively co-planar, with the CGf 5 and py 
4.1 Jthan the py and (about 13.6°). 
is relatively .."v-·", ..... , .... py and phenyl 
from planarity 15 0, 
the crystal .u.~.",,,,. 
of complex 11 mOlcalte 
being more co-planar (about 
indicate that the "' .. " ..... '" 
the phenyl ring 
Compared to CIAu(n-OST) complexes, RAu(7-0ST) ",VUlLVl";'''''''" have similar 
mesomorphic transition temperatures, except for the more binuclear complex 18, 
this is attributed to effects being more important than bulk effects. 
RAu(isocyanide) have lower melting CIAu(isocyanide) cornmexe:s. 
indicating that the more reduced attractions. 
10. RAu (7 -OST) conmlexes. as apposed to S A pha~ses 1" ........... ""<1 by the ClAu (7 -OST) 
complexes favour the nematic phase. This is due to u,<><'v"" electronic interactions, 
promote the slip of molecules into mixed aromatic/aliphatic regions indicative of the 
nernatlc state. 
11. Bulk and electronic em~ts bromine atom cornpareo to fluorine are TYI"'.n.T1'<lni" 
explaining changes in mesomorphic properties for COlnpllexces 11, and 15 and 
changes have previously in similar complexes. 
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Table lA.l: FT-IR spectroscopic data (in cm-I ) groups for RAu(tht) and RAu(7-













a == spectra were 
nujol mull between polyethylene 
Lgroup 
1502, II 1036,848 
1490,957 
1476,961 
tht 1505 5, 1072 S, 959 5, 792 5 
tht 1483 S, 1080 S, 1007 s, 8215 
tht 1446 s, 936 s 
tht 1445 S, 934 5 
tht 1500 S, 1443 S, 926 s 
7..QST 1505 S, 1064 S, 958 s, 808 S 
7-0ST 1488 s, 10875, 1013 S, 830 s 
7-OST 1447 S, 9375 








Table FT-IR spectroscopic dataa (in cm-1)of7-0ST ligands for RAu(7-0ST) 
complexes. 
Complex R v (C-H)" v(C-H)e v(C==N) v(C-C) V(C-H)d 
11 3031 m 2930s 1599vs 1445 s 1249vs 1198 s 968s 
2857s 1513 s 1174vs 
1460m 
13 3039m 2930s 1599vs 14265 1251 V5 1198s 968 s 
2858s 1513 5 1174vs 
1465m 
15 4-Ce;F4Br 3039m 2930s 1599vs 1435 s 1250vs 1198 S 9695 
2858s 1513 5 1174 vs 
1458m 
18" 3039m 2930s 1594vs 1435 s 1249vs 1198s 961 s 
2854 s 1511 5 1172 V5 
1463m 
a= were 
stretch, c= alkane stretch, d bend, e = obtained as a KBr disc, m medium, s= 
vs = very 
3-50 
University of Cape Town
University of Cape Town
Complex R 
J(fu) o (ppm) J o (ppm) J(Hz) 
10 
m m t 
tht -116.19 = 30.5 -157.08 30.5 -157.80 = 21.2 -127.10 = 21.2 
5J1 ,4= 11.9 ddd 19.5 dd = 19.5 ddd 511 ,4= 11.9 
1.4 = 1.4 
-115.50 "J1,2' ::: 18.3 -135.30 18.3 
m 4J1 1+4J". = 10.0 10.0 
= 42.5 42.5 
16 tht -117.51 -140.22 
m m 
a data from 
3-52 
University of Cape Town
R L Fb (meta) 
8 (ppm) J (Hz) J 
11 n.., 20.1 
m m t 
13 7"'()ST -115.70 30.3 -157.40 
3 
Jl,2 30.0 -158.55 21.2 -126.97 3J3,4 =: 21.3 
dddd U.S ddd = 19.5 dd =: 19.6 tdd = 11.5 
6.0 =: 1.3 = 1.2 
1.4 
15 7",()ST -115.11 18.3 -135.71 18.2 
m 9.5 m =9.5 
41.8 
3 5 h:r Jl,2' 41.8 
17 7-0ST -117.71 -140.89 
m m 











L :uvuu,", coordinates for 11. 
0.1228(1) O. 
F2 ..Q.0203(13) 0.0695(2) ..Q.0639(8) 
F3 0.2231(16» 0.1141(2) ..Q.1460(8) 
F4 0.6797(17) 0.1260(2) 0.0070(11) 
F5 0.8817(13) 0.0948(2) 0.2453(12) 
F6 0.6419(13) 0.0502(2) 0.3295(8) 
01 -0.9413(17) -0.1900(2) 0.6238(9) 
Nl -0.0692(16» -0.0083(3) 0.2586(10) 
Cl 0.3049(21) 0.0576(3) 0.1365(12) 
C2 0.2064(21) 0.0751(3) 0.0172(13) 
C3 0.3270(25) 0.0975(4) ..Q.0297(13) 
C4 0.5592(25) 0.1044(4) 0.0486(16» 
C5 0.6580(21) 0.0883(4) O. 
C6 0.5290(24) 
C7 0.0259(24) 
C8 ..Q.0973(22) ..Q.0485(4) 
C9 ..Q.3370(20) 
CIO ..Q,4296(23) ..Q.0358(4) 
Cll ..Q.2964(25) ..Q.0128(4) 
Cl2 ..Q.4667(28) ..Q.0785( 4) 
C13 ..Q.4085(24) -0.0982(4) 0.4678(14) 
C14 -0.5513(24) -0.1223(3) 0.5040(13) 
CI5 ..Q,4705(24) ..Q.1377(4) 
C16 ..Q.6067(24) -0.1592(4) 
C17 ..Q.821O(26) ..Q.1682(4) 
CI8 ..Q.8988(25) -0.1533(4) 
C19 ..Q.7616(27) ..Q.1310(4) 
C20 -1.1474(24) ..Q.2020(4) 
C21 -1.2532(24) ..Q.2242(3) 0.6102(13) 
C22 -1.4591(26) ..Q.2406(4) 
C23 -1.5715(27) ..Q.2627(4) 
C24 -1. 7745(25) ..Q.2799(4) 0.5074(14) 












Table 3A.S: Thermal parameters (x 103) complex 11, 
exp( _21t2(Ullh2a*2+ ... ..). 
562(4) 671(4) 
F2 64(5) 77(5) -8(4) 
F3 110(6) 74(5) 28(4) 
F4 94(6) 124(7) 42(5) 
F5 47(5) 153(8) 4(5) 
F6 71(5) 70(5) 9(4) 1(4) 
01 76(6» 63(5) 13(5) 
Nl 44(6) 54(5) 4(6) 14(4) 4(6) 
Cl 48(7) 48(6) -2(6) 17(5) 1(1) 
C2 47(1) 67(8) 23(6) 
C3 75(9) 51(1) 10(7) 20(6) 
C4 64(9) 82(9) -2(8) 30(1) 
C5 39(7) 69(8) 16(6) 
C6 63(8) 48(11) 59(1) 17(6) 
C7 49(1) 71(8) 14(6) -8(1) 
C8 54(8) 58(7) 4(6) -6(8) 
C9 46(7) 73(8) 17(6) 5(6) 
C10 50(7) 71(8) 4(6) 0(1) 
Cll 64(8) 52(7) 5(6) 5(9) 
Cl2 89(10) 66(8) 14(8) 50(7) 17(9) 
Cl3 66(8) 47(12) 62(8) -5(1 39(6) 1(8} 
C14 75(9) 45(11) 57(7) 4(6) 15(6) 4(8) 
C15 65(8) 59(13) 57(7) 4(7) -12(6) -1(8) 
C16 67(8) 63(13) 61(7) 5(1) 11(6) 2(8) 
C17 86(10) 71(14) 43(6) 3(7) 5(6) 
CI8 69(9) 57(7) 6(7) -16(9) 
C19 86(10) 66(14) 58(7) 7(1) 1(7) -11(9) 
C20 61(8) 87(14) 56(1) 6(7) 11(6) -1O(8) 
C21 75(8) 55(12) 54(7) 7(6) -8(8) 
C22 90(10) 59(1) 26(1) -10(9) 
C23 99(11) 45(7) 18(7) -29(10) 
C24 73(9) 62(8) 23(7) -9(9) 

















































































































































































































































































squares plane through C14 to C19 atoms of complex 11. 
-0.0129 
0.0233 0.0151 1.541 
-0.0172 -Ll39 
0.0025 0.0156 0.160 








































CHAPTER 4. Synthesis and characterisation of RAuL complexes, R = 
alkyl, L = and n-OST 
4.1lDtlroductio 
This chapter will with svrltnc;~sJ.S and characterisation of complexes, R 
linear and L = PPh3, Although acetyl ide- and 
isonitrilegold(I) complexes have found to form liquid-crystal pn3lses (section 1.4), 
no alkylgold(I) complexes have yet reported to have such nrn, ... A.,fi .. ", It is however 
not ....... "' .... r;". for transition metal colnpjlexc~S containing linear carbon chains to exhibit 
me:SOlrTIo:rpl1lIS11tl, since the linear ammgement of the carbon atoms favours alignment in a 
specific direction. If alignment nPf'C!U!itc! n"""{1IU111 the melting 
state win achieved. Silver thiolate alkyl complexes 
16 and (Figure 4.1) afford a typical example of such "'""I'1'<ln"'" 
alkyl thiolate chains the liquid crystal phase 
OlIrraC;lICln "' ............. '" to be ........ " ..... to solid state. I 
lOUD 
the liquid crystal 
6, 8, 10, 
the alignment 
found by X-ray 
_IS, 
1."" mil 











Although RAuL complexes, R with a very wide range of nrO"!~nll' groups 
the neutral is usually to tertiary phosphine or ISOCVSlmCle Iigands.2,3 
This limitation probably a result of a-bonded R in general a high trans 
influence.2,3 an easy pathway to the reactive species if the 
ligand L does not have a particularly affinity so that complex has a low 
stability constant and decomposition to metallic occurs 2,3 This might 
explain why only aryl- and acetyHdegold(isocyanide) complexes have thus far been 
prepared with mesomorphic properties 1 Corresponding 
alkylgold(isocyanide) 4 complexes are volatile and have more potential as chemical 
vapour deposition agents than as liquid crystals. Although acetylidegold(pR3) complexes 
were not found to be as a result sterlc hindrance the bulky PR3 
ligands,5,6 possibility of alkylgold(pPh3) complexes exhibiting mesomorphic 
behaviour were investigated. These alkylgold(I) complexes with PPh3 ligands would be 
stable, but bulky PPh3 would also inhibit linear alignment greatly reduce 
the intermolecular attractions to allow the molecules to an O:nJlen:a 
arrangement melting. RAu(PRJ) complexes, = linear alkyl group, were 
synthesised 7 Since complexes of up to four carbon an alkyl chain 
have been synthesised, but in most cases clUlfac:terlsallon information been limited to 
microanalysis, IR and sometimes IH_NMR spectroscopy.7-15 
Due to n-OST ligands already liquid crystalline compared to 
bulky PPh3 it is more likely for RAu(n-OST) complexes, = alkyl, to 











complexes though, as a result of the large trans effect for RAuL complexes with ligands 
other than isocyanide or PR3. These alkyIAu( n-OST) complexes are also expected to 
have lower transition temperatures than the CIAu(n-OST) complexes and to favour 
smectic phases compared to the nematic phases favoured by the arylAu( n-OST) 
complexes. 
4.2 Synthesis of RAu(PPh3) complexes 19-24 
4.2.1 General synthetic method for alkylithium reagents 
The n-alkyUithium reagents used in the synthesis of complexes 19-24 were either freshly 
prepared by reaction of the appropriate n-alkylhalide with lithium metal, according to 
literature procedures,I8,19,20 or commercially available (MeLi and n-BuLi). 
concentration of the n-alkyllithium reagent was determined immediately prior to use 
(i) An indirect method,21 involving a double titration of a hydrolysed sample and a 
hydrolysed sample to which allyl bromide had been added, with dilute 
hydrochloric acid, using phenolphthalein as an indicator, 
(ii) titration22 of a with 2-butanol in ""'I,"' ..... 2,2' -biquinoline as 
an indicator. 
An alternative more convenient method for synthesis of n-alkyUithium reagents23 
involving lithium-iodide exchange between n-iodoalkanes and t-BuLi at low temperature 
(-72 was also employed. This method proved to be especially useful for the synthesis 











2 General synthetic methodfor RAu(PPh3) complexes 19-24 
Complexes 19-24 was synthesised by reaction of corresponding alkyllithium reagent 
RLi with ClAu(PPh3) according to the procedure described in literature (Scheme 4.1).8,10 
+ LiCI 
30-90 min 
............ uu ... ,"'''''' 19-23 (n 1-5),24 (n = 7) 
Scheme 4.1: Reaction " .. " .... u • .., forthe synthesis ofRAu(PPh3) complexes 19-14 
reactions were conducted.in dr  diethyl ether at about °C and the products were 
either recrystallised from etherlhexane or toluene as white (complexes 
19-21, 24) or recovered from ether as clear oils (complexes The 
complexes were found to be when eXlJIOS€~ to and but were thermally 
unstable light-sensitive. Unfortunately, these complexes were not found to ... , .... , .. ..,1< 
liquid-crystalline behaviour, most likely due to the fact that the bulky group 
prevents molecules from forming linear structures. 
4.2.3 Attempted synthesis of RAu(7-0ST) complexes 
We attempted to synthesise RAu(7-0ST), = CH3 either by addition ofMeLi at 











(Scheme 4.2). These reactions were unsuccessful, resulting in formation of a black 
precipitate and deposition of metallic 




immediately MeLi addition. 
RAu(tht) + LiCI 
- thl 1 + 7-OST 
RAu(7-0ST) 
Scheme 4.2: Reaction scheme for the attempted synthesis ofRAu(7-0ST) complexes 
Transition metal complexes with pert1uorinated ligands show increased thermal 
stability compared to the hydrocarbon analogues (section 3.1.2).32 For example, although 
CH3Co(CO)4 decomposes at -30 °C, CF3CO(CO)4 can be distilled at 91 without 
decomposition.32 more electronegative perfluoroalkyl group In metal 
having a partial positive charge.3l generates contracted metal orbitals and the 
metal-carbon overlap is increased. Pert1uoroalkyl groups have also been reported to 
enhance the thermal stability of smectic A and C phases liquid crystals due to the 
increased rigidity around the perfluoroalkyl moiety.33,34,35 n-Pert1uoroaikyIAu(n-OST) 
complexes were thus considered for investigated as the pert1uoroalkyl group may result 
more stable a1kylAu(n-OST) complexes and would not inhibit mesophase formation. 
RAu(PPh3) complexes. R = n-perfluoroalkyl have previously reported, with· 











of tetrafluoroethylene into the bond of complex 19.37 
An was made to synthe!use the RAu(tht) complex.., R = a similar 
method described for the of RAu(tht) R = (section 
3.2.1), with the aim of displacing the tht with 7~OST to make the corresponding 
complex 4.2). The lithium reagent 4.2.1) was 
reacted with CIAu(tht) at Unlike in synthesis the R = CH] 
... " .. "..,,,,.r>. (Scheme 4.2), decomposition did not occur. RAu(tht) complex.., 
R appeared to be stable below -30 
being completely unstable above 0 
started decomposing while warming 
It was not possible to that this 
'-'Vlll1I-1U;ih had been formed, for tenuous presence of a 
complex that had a similar value to the perfluorophenylgold(tht) colnUllexc~s 10, 12 and 
eVl(len(~ indicating 
14. work on this system was n t carried out. Considering that RAu(7-0ST) 
......,.u..,'e..,"" ...... 11, 13, 15 and were thermally far more stable than the analogous RAu(tht) 
... " .. , ......... "' ... '" (chapter 3), it is probable that of tht 7-0ST of the 
unstable C12F2sAu(tht) coInullex.. if carried out below might lead to isolation of 
the more stable CI~2SAu(7-0ST) complex. 
Characterisation of RAu(PPh3) complexes 
RAu(PPh3) complexes 19-24 were characterised by means of microanalysis (chapter 6), 
(Table 4.1) and 13C_NMR spectroscopy (Appendix4A, 4AI-2). 
spectroscopy proved to be a very useful tool in "' ..... "','1'1 .... "'. 












previously been attributed to v(Au-C) for complex 197 and the v(Au-C) assignments 
complexes 19-24 were made by comparison to this reference (Table 1). 












Elemental analysis of COlnpl.ex~~s 23-24 was hampered by thermal instability 
(section 4.3.4). Complex 23 is clear oil and complex 24 forms white crystals, both 
which decompose to brown viscous while drying under high vacuum even at 0 0c. 
IH_NMR integration for the methylene protons (Figure and recalculated elemental 
analysis (chapter 6) for the brown sample of complex 23, suggested that n-decane is 
..... "",."' ... t- in a proportion of 10% that particular sample. This of unstable 
behaviour is not unCOInmon RAu(PPh3) complexes, as s-butylgold(PPh3) was 
reported to form off-white crystals which turned brown overnight at 0 °C or when 
allowed to warm to room temperature, turning dark-brown and sticky in an hour at 
room temperature. 10 
4.3.1 Reaction yields for RAuPPhfJ complexes 
Reaction yields for the synthesis of complexes 19-24, ranged from 40 to 88%. It has 
shown that complex 19 reacts with one molar equivalent of MeLi diethyl ether 
solutions to the corresponding [RAuR(PPh3)r
1Li+ complex and subsequently 
[RAuR]"Lt on removal ofPPh3 (Scheme 4.3).24,25 A possible reason for lower yields in . 
University of Cape Town
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some cases may the formation of competing [RAuR(pPh3)r
ILt complexes during the 
reaction, as an excess of the n-alkyllithium These type of COJnplleXC'S 
have been found to undergo oxidative decomposition (with no.....,,,,.,."', .... and methyl iodide), 
thermal decomposition and hydrolysis reactions, forming metallic gold and black 
precipitates.26 A black precipitate was occasionally observed during the hydrolysis and 
two-phase separation steps, suggesting that the undesired [RAuR(pPhl)r1Lt CODlple:xes 








Scbeme 4.3: Reaction scheme for the synthesis of [RAuR(pPh3)r
1Lt complexes 
4.3.2 and spectroscopic data jor complexes 19-24 
Some methylene signals in the IH_NMR spectra RAu(PPhl) complexes dissolved in 
....., ..... '.....,n were superimposed, but better peak separations were obtained when C()l)6 was 
used, e.g. complex 20 (Figures Although the three-bond coupling constants 
reported for complexes 19-21 and have previously been reported for complex 1911,12,13 
and similar RAu(pMe:J) complexes,27 it is interesting to note that four-bond coupling 
constants are also nh.' ...... l...n for complexes 20-14 (Table I). The coupling of the 
a-proton of complex 20 4.4) is indicated by the signal the methylene 
forming a slightly distorted quintet and the coupling to the J3-proton by signal for 
methyl protons forming a quartet. In both it is difficult to distinguish between . 
4-9 
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the phosphorus-proton proton-proton coupling constants, as they are of a similar 
13C_NMR spectroscopic data have been reported previously for RAu(PPhl) 
.... VlUlJ'l''"'h'l;;i;:,. A two-bond 2Jre coupling with a magnitude about 95 (Table 4A.2, 
Figure 4.5) is observed for the a-carbon atoms for complex 19 and Cn for complexes 
20-24). value agrees the 2Jre constant of about 94 Hz reported for the 
a-carbon trans to in cis-[PtBu2(pPhJhJ?8 No appreciable lJre coupling to 
carbon (Cg for complex 20 and Cb for complexes 21-24) occurs, although a splitting 
of about 4.2 is observed the ~-carbon peak (Figure 4.5). The of the methylene 
carbon atoms, Cc to were asSllgnC~ on the of increased shielding with distance to 
gold as was " .... , ....... "...., for the methylene protons, He to Hr. 
The a-protons (Hg for complex 19 and Ha for complexes 20-24) are relatively shielded 
to their close proximity to the electron of the gold atom. of 
complex 19 has a significantly ppm) to the groups 
complexes 20-24 (Table 4.2). The a for a-Ha complexes 20-24 occur upfield 
ro.",'rnr .. to ~-Hb, the limited of 1.41 to 1.49 ppm, and seem to be independent of 
chain length. 
The ~-protons (Hg complex 20 and Hb for complexes conversely experiences a 
large degree of deshielding. Consequently, ~-Hg of complex 20 (Table 4.2) has a much 











o values of complexes 21-24 also occur furthest downfield in the 
r,,"ou,\" of 1.87 to l.91 ppm, seemingly independent of the length of the alkyl chain. 
shielding a-protons by the with significantly deshielded ~-
",r,...io,... ... ", have also other u-tlonillea 11lI:JUU-' .... Ul\. cornluexe:s.29 





























"<11"11"'0", ... atoms (Cg for complex 19 and Ca for complexes 20-24) are relatively more 
........ , ........... , .... (Table 4.3). Again, trend is typical of observed in other u-tlonluea 
systems.29 exc:eDtlOn is in the case 
1 ppm) is significantly more shielded than even a-Ca (33.8 ppm) the 











Table 4.3: Selected [) values (ppm) complexes in CDCh. 
Complex n [) (CD2 groups) . [) (CD3 groups) 
19 1 
20 2 22.4 
21 3 33.8 
22 4 30.8 
23 5 30.9 
24 7 30.8 14.0 
Thermal Decomposition of complexes 19-24 
Unlike many alkyl transition metal systems, RAu(PPh3) complexes do not undergo p-
elimination pathways to an alkene. This can attributed to the reluctance 
gold to form hydride """' ... ,.,. .... .(\. ...... "'.31 When heated or In 
complexes 20 have been shown to to metallic gold, 
and coupled fragments (Scheme 4.4).12 The decomposition for 
complex 19 in decalin at 100°C has been found to follow rOT_.n"",,,,,, reaction kinetics and 
a mechanism involving release ofPPh3 as the .... v-.......... 15 step has been sUI:l:ges.tea 
by Tamaki and Kochi (Scheme 12 The intermediate .. "'.I"""''''''' was not detected 
authors. 12 
R-R + 2Au + 
Mechanism 
.... 
+ --...... CH3-CH3 + + PPh3 











In the present study, the decomposition of complex 23 in CJ)6 was conducted in a sealed 
NMR tube protected from light and investigated via IH_ and 13C_NMR spectroscopy. 
Complex 23 was generated in situ in the NMR tube (chapter 6) and IH_ and 13C_NMR 
spectra (Figures 4.6-8) of the mixture was run~ 
(i) immediately after sealing the NMR tube 
(ii) after leaving the NMR tube for 24 hrs at room temperature 
(iii) after allowing the NMR tube to stand for an additional 24 hrs at 50°C 
(i) Ii, II j iii I it iii" i & iii iii II' i ') iii I j iii iii iii I Ii i j '.1 i i j iii iii Iii j iIi 
2.4 2.2 2.0 1.8 1.6 1.4 ppm 
(ii) 
Iii I iii iii Iii i itl iii f Ii i, iii i Ii I Ii I 'I ii' iii i' iii i' I [i i i I,i ii 'IIIIII 
2.4 2.2 2.0 La 1.6 1.4 ppm 
l 
(iii) 
iii i Ii.' II i i Ii I' iii I' iii Iii iii ii iii iii iii ii i I t i i '.; Ii i (' 11111 iii I 
2.4 2.2 1.8 1.6 1.4 ppm 
Figure 4.6: IH_NMR spectra (i), (ii) and (iii) for the -CH2 peaks of complex 23 and n-
decane in CJ)6 
The peak at 1.24 ppm observed even in spectrum (i) can be attributed to the methylene 











and is a reflection of its thermal instability, From the (iii) it 
can be seen that the coupling of a-Ha and ~-R, in 
spectrum (iii), but the integration for the 
unchanged (Figure 4.6). The integration to 
the methylene protons of complex 23 in "'''''''l''1-... (iii) 4.6) 
compared .to spectra (i) and Oi), 111"''''''''L'''''!''. that some n-decane was v ....... ''''''' .... when 
sample to 50 0c. The H_t'\"'n1f'tl ................... bonded to 
in spectrum (iii), as the () values of the methylene nrr.,1'nn 
phenyl signals for the PPh] group of complex 23 in the ",n"",I"'Tr", (i), (ii) and (iii) 
indicate that changes occurred to the PPh] group 
(I') iii 'I i i iii i II ii' liilllll,lll'l S IIIIII 
7.4 7,2 7.0 ppm 
Oi) 7.4 7.2 7.0 ppm 
.. ~ 
(iii) , i i •• Iii i • I • i • iIi j •• I i ~ • i I • i • iii •• iii i 
7.4 7.2 7.0 ppm 











The 13C_NMR spectra 4.8) the most convincing evidence that the RAUl 
intermediated of complex 23 may have isolated in (iii). eJpc . 
and peaks of complex 23, both having a 0 value of 32 ppm (Table 2A. are 
clearly visible in spectra (i) and (ii). No coupling is roo ... ", ......... """ in spectrum (iii) after 
the sample was heat.ed at 50 for 24 MS. 
(i) 
32 . 8 32. 4 32 . 0 31. 6 ppm 
(ii) 
(iii) ppm 
Figure 4.8: 13C-NMR spectra (0, (ii) (iii) for the conrlpu::x 23 and n-
de cane C~6 
The of2]Pc coupling to the (Figure 4.8), a corresponding perturbation in the 










n-(]leCcme (Figure 4.6) in "",.""1' .. ,, (iii) strongly that complex decomposed 
while nealtmg the sample at 50 complex "'''' .... ' .. ''j'5 m 
"'(I. •. U..Ill of the intermediate RAUl complex, = n-pentane, and some n-decane, 
to the mechanism proposed by Tamaki and Kochi (Scheme 12 It should be 
noted strong peaks at 3.31 ppm and 1.16 ppm were observed the spectra 0), 
Oi) due to the pre~senc:e some diethyl NMR intermediate 
RAUl was most likely stabilised by coordination to diethyl ether. 
4.3.4 Photochemical decomposition of complexes 19-24 
complexes are were protected at with 
aluminium foil. The photolysis complex 19 in has been found to involve the 
generation of singlet and triplet exclteO states (Scheme 30 The latter react CDCh 
to produce CIAu(PPh3) and radicals, which several including 
.6.hv 
CH3Au(PPh3) )lIo [CH3Au(PPh3)]S'------.... [CH3Au(PPh3)] T 
1 
CIAu(PPh3) + + ·CDCI2]T 











4.3.5 Catalytic activity of RAuPPR3 complexes 
Many transition metal alkyl species are catalytically active16 and it has recently been 
shown that methylgold(PRJ) complexes catalyse the addition of alcohols to alkynes under 
mild conditions (T = 20-50 °C), with H+ as a cocatalyst. 17 In all cases the in situ 
protonolysis of the methylgold(pRJ) complex generates the cationic [AUI(pR~)t catalyst 
(Figure 4.9), which does not exist in the free form.17 The catalysts achieve total turnover 
numbers of up to 105 moles of product per mole of catalyst, with turnover frequencies of 
up to 5,400 per hour. 17 
Figure 4.9: The proposed mechanism for the addition of methanol to propyne, catalysed 












1. series of RAu(PPh3) complexes 19-24, which undergo thermal and photochemical 
decomposition, were found not to exhibit crystalline behaviour, possibly due to 
bulky ligand inhibiting linear· arrangements molecules. complexes have 
been found to have applications in catalysis. however 
2. IH_ 13C_NMR spectra reveal that phosphorus-proton eJpH and 3JPH) 
.... hr""' .... ll'In .... "'_I'< .... hr"n eJpc) occur in RAu(PPh3) complexes The a-atoms of alkyl 
fragments complexes 19-24 are relatively shielded the Aul atom and a-atoms 
are relatively shielded, except for the carbon atoms complex 21. 
3. RAu(PPh3) complexes undergo thermal decomposition and an undetected RAUl species 
has been proposed to be an intermediate decomposition product. IH_ and llC_NMR 
spectra provide evidence 
decomposition of complex 23 
the of this RAUl species, formed during the 
a sealed NMR tube. 
4. Due to a large trans effect, L group required to form RAuL complexes, 
are limited to PRJ and isocyanide Attempts to synthesisRAu(7-0ST) 
complexes were unsuccessful and presumably perfluoroalkyl R groups result 












1. M. 1. Baena, P. Espinet, M. C. Lequerica and A. M. Levelut, J. Am. Chem. Soc., 
1992, 114,4182. 
2. R. 1. Puddephatt, 10 Comprehensive Organometallic Chemistry: the synthesis, 
reactions and structures of organometallic compounds, eds. E. W. Abel, F. G. A. 
Stone and G. Wilkinson, Pergamon Press, Oxford, 1st edn., 1892, vol. 2, ch. 15, pp. 
765-821. 
3. A. Grohmann and H. Schmidbaur in Comprehensive Organometallic Chemistry II: a 
review of the literature 1982-1994, eds. E. W. Abel, F. G. A. Stone and G. Wilkinson, 
Pergamon Press, Oxford, 1st edn., vol. 3, ch. 1, pp. 1-56. 
4. R. J. Puddephatt and I. Treurnicht, J Organomet. Chem., 1987,317, 129. 
5. T. Kaharu, R. Ishii, T. Adachi, T. Yoshida and S. Takahashi, J. Mater. Chem., 1995, 
5,687. 
6. P. Alejos, S. Coco and P. Espinet, New J. Chem., 1995, 19, 799. 
7. G. Calvin, G. E. Coates and P. S. Dixon, Chemistry and Industry, 1959, 1628. 
8. G. E. Coates and C. Parkin, J. Chem. Soc., 1962, 3220. 
9. G. E. Coates and C. Parkin, J. Chem. Soc., 1963,421. 
10. B. 1. Gregory and C. K. Ingold, J. Chem. Soc. (B), 1969,276. 
11. H. Schmidbaur and A. Shiotani, Chem. Ber., 1971, 104,2821. 
12. A. Tamaki and J. K. Kochi, J Organomet. Chem., 1973,61,441. 
13. A. Tamaki and 1. K. Kochi, J Organomet. Chem., 1974,64,411. 
14. A. Tamaki, S. A. Magennis and 1. K. Kochi, J. Am. Chem. Soc., 1974,6140. 












16.1. R. Moss, 
Khim.,1974, 
in Organomet. Chern., 1,211. 
17.1.H. Brode and M. Chabanas, Chem., Int. 1415. 
18. B.S. Furniss, Hannaford, P.W.G. Smith and AR. Tatchell, 's Textbook of 
Irarm1/" Chemistry, Longman Scientific & Technical, ...... u.E~ ...... u, 5th edn., 
1989, ch. 
19. D. 11< .... ,,.,.""_ ..... and E. E. Turner, J. 1953,861. 
20. E. H. Amonoo-Neizer, R. A Shaw, D. O. Skovlin and 
1966,8, 




Irf!llnOimet. Chem., 1964, 447. K. Cartledge, J 
1. Eastham, J 
E. R. Punzalan, J. 
'rf!l.mOlllet. Chem., 1967, 
Chem., 1990, 
24. A Tamaki and 1. K. Kochl, J Organomet. Chem., 1973, 
and 1. K. Kochl, J. Chem. Soc. Dalton Trans., 2620. 
Albright, R. and J. K. Kochi, J. Am. Chem. Soc., 1977, 
27. Schmidbaur, A Shiotani H. F. Klein, 
rnnlPrcuhl of Cape Town, 28. Ph.D. Thesis, 
1. M. Andersen and 1. 
N. M. Van 
1976,104, 
J Organomet. Chem., 
K.a.ptein, R. Huis and 
31. V. Parish, Gold Bulletin, 30,55. 
1971,93, 
494, 105. 
Roobeek, J Organomet. 











Weinheim, edn., 1989, ch. 1 pp 193-205. 
33. S. Chem. Soc. Chem. Commun., 1992, 1 
34. S ........... ,., ....... Toumilhac, J. Chem. Soc. Chem. Co"nnmrn. 1991,441. 
35. T. Thiele, Prescher, R. Ruhmann and D. Wolff, J. Fluorine Chem., 1991, 1 
36. U. H Haupt and P. G. Acta Cryst., 1996, CS2, 609. 













University of Cape Town
for 
n 3 I 3 
H" eJPH Rj 3JHH.l eJHH.l 
2H 2H 2H 2H 3H 
19 1 m 
m 
20 2 CDC1~ 7.52.m 
m 
20 2 7.44. m 
m 
21 3 m 1.49, qt 1.91, hp 
m 
22 4 1.91, sx 1.49, 
(7. 2Hz) 
23 5 1.41, 1.87, sx me 
(7.3Hz) 
23 5 qt 2.48, sx 
(7.6Hz) 
24 7 CDCh I mf 1.91, sx 1.46. 1.37. on 1.29. mg 1.29. mg 
form one for c= 
for e form one multiplet 
for4H. h solvent peak shifted 
qt= qn= 
4-25 
University of Cape Town
Table I3C_NMR spectroscopic complexes. 
n Solvent 
20 2 131.1 
20 2 133.1, d 131.3 
21 3 d 130.7 
(10Hz) 
22 4 CDCh 128.8, d 130.7 
23 5 130.7 
23 5 132.5, d 130.7 
130.6 





30.8. d 34.1 
30.9. d 38.9 
d 39.5 




























CHAPTER 5. Conclusion 
CIAu(n-OST) and CIAu(vnlpy) complexes were found to be more than 
CIAu(py), in part due to stronger Au-N bonds with increased 1t Oa(:K-IJOIllaII1Ig and the 
prc:~sellce of electron-rich , ........ "'" .... and ether centres resulted conjugated 
aromatic ligand systems. 
bonded with gold(I). 
conjugation was enhanced when the Hr;au .... '" were 
at much CIAu(n-OST) complexes 
over a much 
formed SA 
temperature than the free n-OST ligands, which 
1"" ....... ""1"1 SB and SE phases. changes are indicative of stronger mtc~rmloJe:cuJaI 
caused by the gold(I) atom increasing the polarisabiHty of the n-OST and 
Au-CI dipole point 
mcrealsm.~ alkoxy is also observed. complexes were thermally 
unstable and decomposed at clearing points. 
It was not possible to iodo, phenyl or 
but perhalophenyl derivatives formed 
of 
complexes. They 
almost exclusively nematic mesophases with similar transition temperatures to the 
analogous chloro derivative conrlDU:~x 6) for the mcmonUC::lelif complexes and 
15, at much higher tenlperan for the binuclear 18. Electronic 
em~ctswere more important in transition temperatures, 
as more bulky perhaloaryl did not result in the reduced intermolecular 











RAu(isocyanide) complexes. intennolecular attractions created by 
Au-CI dipole of complex 6 is probably of a similar magnitude to those created by the 
introduction of the polarisable perhaloaryl The binuclear complex 18 has one 
more compared to COlnOl.ex(~S 11, and and as expected 
has transition temperatures. 
The nature of the interactions RAu(n-OST) 
promote molecules mixed aromatic/aliphatic regions 
indicative of the nematic compared to CIAu(n-OST) This slip 
occurs even before melting the liquid crystal except complex 11, which 
a after before forming nematic phase. 
this slip occurs mostly in the liquid crystal state for the RAu(isocyanide) 
cornpl1exes. as they have much lower melting compared to 
The transition temperatures the RAu(7-0ST) complexes 11, 13 
the .nUI'1nn R group order 2-C6F 48r < 
RAu(n-OST) 
15 increase in 
brOinnlle atom is 
more than T .. .,.,. ......... both complexes with bromine atoms are expected to 
have transition temperatures. The bromine atom is more bulky than fluorine and 
increases 
position. 
breadth of molecule in the ortha position and the 
,nl"r"".,,,,,,ri width the molecule 2-C~48r 
in the para 
reduces the 
strength of the lateral interactions and results in transition temperatures. A 
similar was observed RAu(isocyanide) COlnplleX(~S when n s but when chain 











pronounced, resulting in the following order Ct;Fs < 2-C6FJ3r< 4-C6FJ3r. Presumably, 
similar behaviour may be expected for CIAu(n-OST) complexes with longer chains. 
Although XAu(py) complexes grown from ethanol or toluene crystallise as ionic 
[AuX2nAu(pyht species, conductivity measurements (in acetone), FAB-MS 
experiments (2-nitrobenzylalcohol matrix) and an X-ray crystallographic of complex 11 
(grown from toluene/pentane) indicate that the XAuL and RAuL complexes 
investigated in this study form neutral species which have a monomeric structure. The 
only indication that an ionic and neutral species may coexist is two v(C=N) peaks in 
the FT-IR spectrum of CIAu(vnlpy) in dichloromethane. Otherwise the FT-IR and IH_ 
13C_ and l~_NMR spectra indicated that only one species is formed, but cannot be 
used to distinguish which species. Solvent effects may explain why CIAu(py) 
crystallises from ethanol as an ionic species, but forms a neutral species in acetone and 
why CIAu(vnlpy) may exists as two species in dichloromethane, but not acetone. No 
Au ... Au bonding interactions and n:-stacking were observed for the RAu(n-OST) 
complex 11 and are not important in liquid crystal formation. The molecules are 
arranged according to van der Waals interactions and electronic interactions between 
the rigid core of the molecules give rise to the liquid crystal phases. It was however not 
possible to obtain suitable crystals ofCIAu(n-OST) complexes for comparison. 
As with other gold(I) and transition metal systems, CIAu(n-OST) metaUomesogens 
suffered the problem of higher transition temperatures and associated decomposition. 
Attempts at reducing the transition temperatures by replacing the chloride group with 











lability the RAuL svstem, Due to a trans effect nrpl~pnT in gold(I) complexes, 
stable organometallic complexes 
Halogen substituents on the 
almost 
fragment 
isocyanide or ligands. 
in more AuI-L bonds and 
it possible to form stable arylgold(l) complexes. It was similarly nnc~pn,lpn 
that the perhaloalkylgold(tht) complexes were below -30 where the 
alkylgold(tht) failed to at -72 DC. alkylgold(isocyanide) complexes 
previously been reported to be quite volatile and the alkylgold(PR3) complexes in this 
study are too bulky to form liquid crystal phases, perhaloalkyl than alkyl 
agllnents may be important reducing trans effect in gold(I) complexes 
"""V'co,,,,, the possibility of forming 
isocyanide or 
alkyl ,",V'''''''_'''''''''' with ligands other than 
Future suggestions attempting to overcome the transition tenmelra and 
thermal instability of RAu(n-OST) complexes include (i) synthesi,s 
perfluoroalkylgold(n-OST) complexes which are likely to more stable than the tht 
precursors and would promote or mesophases at lower temperatures than the 
CIAu(n-OST) complexes. (ii) the introduction of or terminal alkoxy chains to 
n-OST ligands, which have been found to lower transition temperatures by 
reducing attractions form more , Pdll and Ptll ""v ... "'.,,"' ... ,"'. 
These substituted n-OST ulS"'u .... '" were also found to promote the formation of nematic, 
SA or columnar mesophases, depending on the position the substituents. (iii) 
mixing of two mesogenic complexes reduce the ''''''''U'''F; point of 
the relative to pure components been found reduce transition 











OST)f[CI04]" complexes similar to py derivative mentioned section 
dipolar interaction created by the bond will replaced 
1. The 
Au-PPh3, 
has 1t bond character. This may affect how the AuI atom increases 
polarisability of the ligand and hence transition temperatures .. The bulky PPh3 
would on a steric be to lateral intermolecular 
attractions. 
Although the RAu(PPh3) complexes were not found to be mesogenic, they have 
recently reported to catalytic activity. The which up till 
now only been to exist as an intermediate in the thermal decomposition of 
RAu(PPh3) complexes, been observed in this via and 13C_NMR 
spectroscopy. 
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CHAPTER 6. Details 
All "V~'"''''It'n'''''''1''' were ....... 1'".''' ...... under .... 'h·"('''~n using standard Schlenk techniques, Qv .... "" ..... 
where was purchased from BDH Chemicals Ltd. 
UUL,"'''''.U from BDH Chemicals Ltd. or loaned from 
.......... 111\-1 .... ' <t ............... was loaned from Johnson Matthey. Lithium metal, 
methyllithium, phenyUithium, pyridine, "'-_"",...U._ .... , ... " 
iodophenol, 4-t~rolmopnc;mc~l, '-U''''HJa.h~'AU_'''', perfluorododecyl, bromopentafluorobenzene, 
4-dibromotetrafluorobenzene, IJ.-4,4' -dibromooctafluorobi-
phenyl, triphenylphosphine, allyl bromide, triethylamine, anhydrous 
potassium p01taS!;tUln iodide, anhydrous magnesium sulfate, sodium 
biquinolene, )(_,,'rr,,"1'\_,", and O.IM hydrochloric acid were purchased from Merck or Aldrich 
Chemical Co. molarity of the lithium reagents were determined prior to use <ltv',...r,"", to 
literature A .. ", ... \.. .... ".1-3 CIAuPPh] was prepared by literature methods from sodium 
4 or acid. 5,6 CIAu( tht) was prepared from 
or tetrachloroauric acid. 7 Solvents were distilled from appropriate 
and n-haloalkanes were dried over and 
""1'~'''''o"'''''''' 8 All other chemicals were used without 
was performed on aluminium sheets 
'VVllUllll11 chromatography was performed silica size 
mm ASTM). 
spectra were recorded on a 
spectrometer at the University of Cape Town at amlDlelm: u~mt)enltUi 
Qr'lF'I"TI"<>' were recorded on a Varian Unity-300 
6·1 










University of SteHenbosch at ambient temperature. cnlemllcal shifts for IH_ and BC_NMR 
spectra are .. ""1".", .. ",, ... ,..&>,., internally to residual solvent resonances and are reported relative to 
tetramethylsilane (0 0.00 ppm, BC). cnlemllcal shifts for 
relative to CFCh. spectra were recorded on a Perkin-Elmer 
spectrophotometer in CH2Ch solution cells NaG windows, as 
spectra are reported 
1000 FT-IR 
mulls nAT'.IT&>< .... 
or as a potassium bromide disc. The following abbreviations have used to 
describe the of the peaks in infrared spectra: w = weak, m s = strong 
and vs ::::::: strong. Melting points and transition temperatures were determined on a 
microscope (Reichert Thermovar) and are uncorrected. The thermodynamic 
information on the transitions were obtained from and TG measurements made on a 
n..11J[- ..... l .... I;;l PC Series 7 thermal station a nitrogen atmosphere, with a rate of 
10°C per minute. Elemental analysis was performed in the University of Town micro 
analytical laboratory, using a Erba AEl elemental F AB and EI mass 
spectrometry analysis were obtained from Mass Spectrometry Unit at the Cape Technicon 
Laboratories. VG-70SEQ mass spectrometer with a MaspecII was used 
the were analysed under xenon in a 3-nitrobenzylalcohol 
6.1 Synthesis of ClAuL complexes 
Synthesis ojCIAu(py),9-11 complex 1 
Method 1: 
White CIAu(tht) (326 mg, mmol) was suspended toluene( 4 in a Schlenk: 
a Nz atmosphere. 
the mixture via a 
(1.0 cm3, 12 mmol), which was , ...... ;;)"a;:,::K;Uwith was added to 
which 
reactlcm was stirred at room tenlperatl during 
the product nff~Ulmal[ea as a fine white powder. The 
indistinguishable CIAu(tht) was collected on a 
6-2 
product (78 is 










toluene (3 x 5 cm3) to remove excess and tht. On removal solvent 
under reduced pressure some more of the white product (76 was precipitated was 
\AJll"''''L""U in the same manner as the Both fractions were dried for 2hrs high 




pure purification. ......""lULlU ... l yield (l 
0.630 mmol) was suspended in 3 toluene in a .., .... ",un. tube 
a N2 atmosphere. Pyridine (1.0 cm3, mmol), which was u""; ..... """" with was added to 
the mixture at 50 
which time the 
a syringe and the reactlcm was stirred for Ihr at that temperature, during 
product formed. The mixture was cooled down to 0 °C to promote further 
precipitation The U1U'U.U.'~L was on a Hirsch funnel washed 
with chloroform (3 x 5 cm\ diethyl ether 
volume and addition of hexane to the 
x 5 cm3) and x 5 cm3), ........... '''' ..... , .. of 
more product mg) was preClD'lta1:eci. Both 
fractions were dried 2hrs under high vacuum and were analytically pure without further 
purification. yield (161 %). The product was protected from sunlight 
throughout the rea,ctlcm using aluminium stored a (-25 °C) as bond 
is light-sensitive and thermally unstable. Found m.p. 109 (dec.). Literature 92 (decl 
and 250-252 10 (Found: 1.5; N, 4.4 %.CsHsAuCIN requires C, 19.3; H, 1.6; 
%). and 13C_NMR spc;~ctr'OS(:OPiC and COllUUl;mmv data are presenltea in Tables 
2A.2-3 and 2.3 respectively. 
Synthesis 
White CIAu(tht) 
under a N2 alml'OS[mer 
added t'O the 
complex 2 
was SUS,Deltlae~a toluene (9 cm3) a Schlenk tube 
4-Vinylpyridine (5.0 cm3, 46 mmol), which was de~~as~;ed with N2, was 
at 55 °C via a syringe and the 
6-3 










temperature during which a slightly was ecll:)Jtated. The reaction nrncrro.,,,,, 
was monitored by TLC (50 % ethyl acetate I hexane eluent). 
25°C (ethanol!N2) to promote further precipitation. purple solid 
a Hirsch and washed chloroform x 5 cm\ diethyl 
(3 x 5 The purple solid is totally insoluble normal organic 
mixture was to -
mg) was collected on 
x 5 cm3) 
such as chloroform, 
toluene and benzene as well as water and was not analysed any On further addition of 
pentane to filtrate, a white product (201 mg) precipitated out of "'-' ...... vu. The white 
and washed with x 5 cm3) penltan.e. On further addition of 
pentane to the mother liquor, more product was precipitated (141 mg) and this was also 
collected on a Hirsch funnel. Both fractions were dried under high vacuum for 10 hrs and were 
analytically without yield % yield). 
product was protected from throughout the reaction using aluminium foil and stored in 
freezer (-25°C) as the Au-N is light sensitive thermally Found m.p. 117 
(dec.). 1; II, 4.1 C7H7AuCIN C, 2.1; N, 4.1 %). 
IR, and spectroscopic and conductivity data are presented in Tables 
2.3 respectively. 
Representative synthesis ligands 
Synthesis of 4-heptyloxyiodobenzenf2•13 
4-Iodophenol (3.435 g, 15.613 I-bromoheptane cm3, 15 mmol), anhydrous 
potassium (2.216 mmol) and (ca 2 was in a dry 
Schlenk tube under a N2 atmosphere. Dry acetone (20 cm3) was added a syringe and 
refluxed for After cooling, water (25 em3) was added and the fraction was 
extracted diethyl ether (1 x , 2 x 25 combined were 
washed with a saturated sodium chloride solution (2 x 
64 










dried over magnesium sulfate. After solvent was removed reduced pressure, 
to a brown oiL TLC (50% dichloromethane / 50% hexane) indicated that the oil was a 
of the desired product, 4-l()OOpne:nOl and an unidentified impurity which could easily be 
",,",unu .. chromatography Hexane was to silica gel sluny 
and of the eluent was rrac:tIollS of 10%, 20%, 
30%, 40% dichloromethane in hexane dichloromethane in 
clear oil of 4-heptyloxyiodobenzene (4. 045 g, 81% yield), an unidentified brown 
(10 white flakes of 4-iodophenol (112 mg, 0.509 mmol) were successively separated in 
IH (400 MHz, CDCh), 0 (ppm) 0.93 (t, 3JIlli = 7.0 
(q, Hz, 2H, 1.79 = 7.1 2H, Hf), 3.94 (t, 
, J = 9.2 Hz, and 7.56 (AA'XX', J = 8.8 
(Ch), 29.1 (Cg), 31 (Cr), 68.1 (Ce), 82.3 (Ca), 116.8 
H), 1.34 (m, 6H, ~), 1.47 
2H, He), 6.70 
o 14.0 (Ci), 
1 (Cb) and 159.0 
'wnlrneSlS of 7_osr2.13 
4-heptyloxyiodobenzene (4.045 12 mmol), 4-vinylpyridine (1.8 cm3, 16 mmol), 
(2.1 and palladium acetate 0.062 mmol) were added dry 
(13 cmJ) to in a thick-walled pyrex underN2 
was refluxed with stirring hrs. The tube was {,fl"Pr~'n with aluminium foil ........... 1"> the 
reaction to protect the palladium catalyst from light. On cooling, a green solid DreCIDlltatf~ from 
the solution. The was dissolved in neutralised dichloromethane (10 cm\ which had 
neutralised by """""Ul"! with anhydrous IJVI;a,.,"JlUIU carbonate. The solution was 
VVa."UliCiU with saturated """""" .... un "'U"V"~'''' solution (3 x 20 and the aqueous fraction was then 
washed with neutralised dichloromethane (3 x cm3). "'VA, ... .,," .......... organIC rrac::tIOlrlS were 
washed with water (3 x dried with magnesium sulfate, filtered, and the ",,,n,,,,,"r was 











yield). lLC (50010 acetate I 50% indicated a mixture the product and two 
unidentified The product was from the a Soxhlet 
i1V1J'(I,r(l;lU~ with hot u";A<au,.;. hexane was under reduced behind a 
white solid (1.721 46% crude yield) which was a mixture of the product and one ofthe 
products. The pure product was recrystalli~ed cold acetone as white (1.298 g, 
with purified yield). IH_ and 13C_NMR spectroscopic data 
2Al, 
Synthesis of 4-oetyloxybromobenzene12,13 
4-Bromophenol (4.000g, 120 mmol), I-bromooctane (4,0 cm3, 23 mmol), anhydrous 
potassium carbonate 816 mmol) and 1 (ea 2 mg) were a dry 
..:>",.u"",,,,,,,, tube under a atrrlOS[melre Dry acetone was added via a and the 
....,.."' .. u. mixture was refluxed with stirring for 23 hrs. 
was followed as for 4-heptyloxyiodobenzene, resulting 
cooling the same work-up procedure 
oil was passed through a column ,_.~._ ... 
to remove "nt·.,.'!lIl''1'......, 4-0!rOrirlOiJ1neIIOl, resulting a 
oil (5.503 g, 83% 
dichloromethane I 
yield). 
oil (4.737 g, 72% crude yield) 
was confirmed by 
bromo octane. The oil was 
to be a mixture of 85% 4-octyloxybromobenzene and 15% 
",,,,,,,up,, in the minimum volume of acetone and white 
0c. I-Bromooctane (m.p. °C) was easily ' ... nuHl .... 
.... """ .... ,'J5 in the pure 
room temperature. IH (400 MHz, ,"~LI"-~'·' 
46% purified 
o (ppm) 0.89 (t, 
1.77 (q, 3JHH = 7.0 Hz, 
and 7.35 (AA'){X', J 
Ifb), 1.44 (q, 3JHH = 7.6 2H, 
(AA'XX', J = 9.2 
1, 29.2 (Ch), 31.8 68.2 1 
6-6 
by washing the C'r"~"'''''., at-
is a colourless at 
3H, H;), 1 
3.91 (t, 3JHH = 6.6 











Synthesis of 8_osr2•13 
4-0ctyloxybromobenzene 
triethylamine (1.8 cm3, 
triphenylphosphine (55 
10.493 mmot), Ll_"' ... '" pyridine (1.4 cm3, 12 mmol), 
14 mmot), palladium acetate (25 mg, 0.111 mmol) and 
mmol) were added to dry acetonitrile (10 in a thick-
tube with a 
tube was 
tap under N2 and 
with aluminium foil 
was refluxed with 4>'I',rr"1no for hr 
reaction to protect palladium 
On cooling some needles of the product crystallised from the solution. 
Neutralised dichloromethane (10 cm3) was added to the mixture and the same work-up 
procedure as for 7-0ST was followed, resulting in a oil which was dried 6 on a 
high vacuum pump to a residue (50010 ethyl acetate I 50010 
ne,,(anie) indicated a mixture of the product and three unidentified side-products. product 
was ",vt"r'",i"1",:>rI from the residue a Soxhlet apparatus hot hexane. The nexane was 
r",m.r",.,,, under reduced pressure, I"',n" .. "", behind a cream 75% crude yield) 
was a mixture of the product 
was preClpltat€;:d from cold ace:tonlel .. ,,,,,,,,,,,,, .. ,, at -40 (dry I ethanol) as a cream solid (517 
16% purified yield). FT-IR., 
literature13,14 and are reported in 
and 13C-NMR spectroscopic data compare well with 
1, 2A4 and 2A.6. 
6.3 ~Vlltb4esis of ClAu(n-OST) conlDlE~xes 3-9 
L)1mlne,~;IS of ClAu(4-0ST) complexes S 'and Sa 
Dry (3 cm3) was added via a syringe to a dry, empty Schlenk: tube under a N2 
atmosphere and heated slightly to White CIAu(tht) (152 mg, 0.474 mmol) and yellow 
(120 0.474 mmol) were 
time a 
and mixture was at that temperature for 











(100 % dichloromethane and 50 % ethyl acetate /50 % hexane eluents). The crude product was 
collected on a Hirsch funnel (187 mg, 81 % crude yield), washed with hexane (3 x 5 cm]) and 
dried under high vacuum for 1 hr. It was further purified using column chromatography 
techniques. Dichloromethane was used as the eluent and the silica gel was packed in a Pasteur 
pipette to a length of ca 4 cm]. Although protected from sunlight by wrapping in aluminium foil, 
some decomposition still occurred while the product was passing through the microcolumn. The 
solvent was reduced in vacuo and hexane was added to the dichloromethane solution to 
precipitate the pure yellow powder (105 mg, 46 % purified yield), which was collected on a 
Hirsch funnel and dried under high vacuum for 4 hrs. The product, complex 3, is stable in the 
solid phase at room temperature, even when unprotected from sunlight, but decomposes in 
solution, more rapidly when exposed to sunlight. A sample of complex 3 (purity confirmed with 
IH_ and BC_NMR spectra) which was left protected from light at room temperature in an NMR 
tube for a few hours yielded 53 % of the cis isomer, complex 3a. FAB-MS: m/z 254 (4-0ST+ + 
H), 198 (Au+ + H). (Found: C, 41.9; H, 4.0; N, 3.0 %. C17H 19AuCINO requires C, 42.2; H, 4.0; 
N, 2.9 %) FT-IR, IH-and I3C_NMR spectroscopic, conductivity and DSC data are presented in 
Tables 2A.2, 2A.5, 2A.7, 2.3 and 2.4 for complex 3 and IH-and 13C_NMR spectroscopic data in 
Tables 2A.8-9 for complex 3 and 3a mixtures. 
Synthesis qfClAu(5-0Sl}, complex 4 
Dry toluene (5 cm]) was added via a syringe to a dry, empty Schlenk tube under a N2 
atmosphere and heated slightly to 50°C. White CIAu(tht) (201 mg, 0.627 mmol) and yellow 5-
OST (167 mg 0.625 mmol) was added and the mixture was stirred at that temperature for 2hrs, 
during which time a yellow precipitate (275 mg, 88 % crude yield) was formed. Complex 4, was 
purified and dried in an analogous manner to complex 3 to yield a pure yellow powder (140 mg, 











H). (Found: C, 43.4; H, 4.2; N, 3.0 %. CUJi21AUCINO requires C, 43.3; H, 4.2; N, 2.8 %) FT-
IR, IH-and 13C_Nl\fR spectroscopic, conductivity and DSC data are presented in Tables 2A2, 
2A5, 2A 7, 2.3 and 2.4. 
/))rnthesis ofClAu(6-0ST}, complexes 5 and 5a 
Method 1 
Dry toluene (4 cm3) was added via a syringe to a dry, empty Schlenk tube under a N2 
atmosphere and warmed slightly to 56°C. White CIAu(tht) (111 mg, 0.348 mmol) and yellow 6-
OST (97 mg 0.345 mmol) were added and the mixture was stirred at that temperature for 2hr 
13min, during which time a yellow precipitate (145 mg, 81 % crude yield) was formed. 
Complex 5 was purified and dried in an analogous manner to complex 3 to yield a pure yellow 
powder (92 mg, 51 % purified yield). A sample of complex 5 (purity confirmed with IH_ and 
13C-NMR spectra) which was left protected from light at room temperature in an NMR tube for 
a few hours yielded 21 % of the cis isomer, complex 3a. 
Method 2 
Dry toluene (10 cm3) was added via a syringe to a dry, empty Schlenk tube under a N2 
atmosphere and warmed slightly to 56°C. White CIAu(tht) (298 mg, 0.930 mmol) and yellow 6-
OST (408 mg 1.430 mmol) were added and the mixture was stirred at that temperature for 4hr 
40 min during which time a yellow precipitate was formed. The mixture was cooled in vacuo to 
o °C to promote precipitation of product. The yellow product (342 mg, 72 % crude yield) was 
collected on a Hirsch funnel, washed with cold toluene (2 cm3) and pentane (3 x 5 cm3) and 
dried for 5 hrs under high vacuum. Recrystallisation of the crude product from 
dichloromethanelhexane at -25°C yielded 200 mg of a yellow product, with a further 77 mg 











of two products was present and IH-NMR spectra confirm that 12 % of the first batch and 42 % 
of the second batch consisted of complex the complex 5. Only complex 5 was 
""'A"......... from these mixtures, as complex 
''''' .... ''' .. '''jr.''' ... procedures. FAB-MS: m/z 282 
de<:On1IPOiSed during column chromatography 
+ 
%. Cl9HnAuCINO requires 
sne:ctr,oscoOlC. conductivity and DSC data are nr .. ,,,,,,,.,,tM 
"""'''''1-1'''''' 5 and IH-and 13C_NMR soectrC)SCC'OlC 
\V11lthe8'lS o/CIAu(7-OS1), complex 6 
toluene (4 cm3) was added via a syringe to a dry, 
atmosphere and warmed slightly to 50°C. White CIAu(tht) (360 
1 1 mmol) were added and the mixture was 
+ H). (Found: C, 44.3; H, 
IH-and 13C_NMR 
2A.7-9, 2.3 and 
for complex 5 and 
Schlenk: tube under a N2 
1.1 mmo]) and yellow 7-
at that temperature for 1 hr 
a yellow precipitate was fonned. 
to promote precipitation of product. 
yield) was VUlJ."'''t,;.u on a Hirsch funnel, washed 
mnrtulre was placed the freezer 
% crude 
and penltane (3 x 5 
5 vacuum. Some of mmol) was 
washing with a mixture of 50 % ethyl acetate in "","'cu.", and rAl"'·r<,,,,·r<:l 





(7-0ST+ + H), 198 (Au+ + H). (Found: C, 45.4; 
45.5; H, 4.8; N, 2.6 %) FT-IR, IH-and 
data are presented in Tables 2A.2, 2A.5, 2.3 and 
complex 7 













atmosphere and warmed slightly to 58 White CIAu(tht) (1 0.468 mmoO and yellow 8-
OST (145 mg 0.469 mmoO were added and was stirred at that temperature for 2hr 
1Omin. The resulting clear solution was cooled to O°C (with addition of hexane) to form a green 
precipitate (175 mg, 69 % crude yield). Complex 7 was 
manner to complex 3 to yield a pure yellow powder (100 
mJz 310 (8-0ST+ + H), 198 (Au+ + H). 
C, 46.5; II, 5.0; N, 2.6 %) 
DSC data are presented in Tables 
"'1vn;rne.~·IS ojClAu(9-OS1}, complex 8 
C, 
and dried in an analogous 
purified yield). F AB-MS: 
%. C21H27AuCINO 
spemloscomc. C()nOlUctlvn:v and 
was added via a syringe to a dry, "',.,... .... h' '-' ........ "' .. "" tube under a N2 
atITlOSt)ne:re and heated to 80°C. White ClAu(tht) (111 mg, mmol) and yellow 9-0ST 
(117 0.362 mmot) were added and the mixture was stirred at that tenape:ran for 2hrs, 
a yellow precipitate was formed. The yellow (161 84 % crude 
yield) was collected on a Hirsch funnel and washed with pentane (3 x 5 complex was 
"' ...... u,,", .... from dichloromethane / pentane to form a fine 






requires C, 47.5; II, 5.3; N, %) 
and data are presented in Tables 2A.2, 
complex 9 
was added via a syringe to a dry, empty Schlenk 
.......... ,,, ........ ---O----J to 62°C. White CIAu(tht) (130 0.406 mmol) and yellow 10-
0.403 mmol) was added and the mixture was stirred at that 1""'n' .... "" .. "'11 for 











9 was purified and dried in an analogous manner to ""-,Al'AlJ",,,, 3 to yield a pure yellow powder (91 
mg, 39 % purified yield). F AB-MS: m/z 338 (Au + + H). (Found: C, 48.2; H, 
N, 2.7 %. C23H31AuCINO requires IH-and 13C_NMR 
spectroscopic, conductivity and DSC data are oreseIllted In 2A.2, 2A.5, 2A.7, 2.3 and 2.4. 
6.4 Synthesis ofRAu(tht) and RAu(n-OST) complexes 10-18 
Synthesis ofpentafluorophenylgold(tht}, complex 
Bromopentafluorobenzene (0.10 cm3, 0.80 mmol) was 
a 50 dry, two-necked, 
connected to a nitrogen inlet. 1.6 
>nu"" .. via a after cooling the solution to 
was stirred for Ihr 40min at that temperature. 
dry diethyl ether (15 cm3) 
with a rubber septum 
, 0.80 mmol) was added 
(dry ice/ethanol slurry). The 
was replaced with a 
dry dropping funnel and dry CIAu(tht) (180 mg, 0.562 mmol), ., ... .,~''''u'''' in diethyl ether (15 
20min at -72°C, and 
continued stirring. The 
aU(]llUemat 30 min before 
was via dropping funnel. The rea'cuem was 
warmed up gradually to room temperature over 1 hr, 
reaCIlC)ll n'1I1VT1I1r", was then stirred at room temperature 
quc~nchIng the reaction with a few drops of water. Reaction was via TLC 
with dichloromethane used as an eluent. Anhydrous magnesium was added 
was then filtered, The solvent was removed vacuo at 0 
IJ."' ......... ''''~ (249 mg, 98 % yield), which was dried 
purification to 
109 (dec.), 18 (400 MHz, 
and (Cb). FT -IR and 19F - NMR ,,,,,,,,,,,"'1"rn 
1 and compare well with literature values. 18-20 
6-12 














Synthesis ofpelltafluorophenylgold(7-0ST), complex 11 
Complex 10 (1 0.307 mmol) and yellow 7-0ST (114 0.386 mmol) were 
cm3) was added a dry, empty under a Dry LU.''' ...... " ..... 
The mixture was warmed slightly to 60°C and then at that temperature 
to 
a 
30min, during which time the solution ...,1 .. ,,, .. ,,, ... yellow and Reaction progress was 
monitored via TLC, 
S011lltlCID to 0 °C, 
50 % ethyl acetate I % hexane as eluent. On 
with a tinge, (86 mg), from the 
With the addition of .... ""v.v, ... ,"" another 68 crystallised from the mother liquor. Cumulative 
yield (154 mg, 76%). crystals were collected on a Hirsch and washed with cold 
LV .... "'''", (2 cm3) and perltat1le x 5 cm3) under high vacuum slight ........... -'" 
product was rAr' ..... 1"'r'> rod-shaped single 
were grown at room temperature via vapour diffusion of ~"' ...... ,... into a saturated 
from toluene I pentane and some 
toluene solution. FAB-MS: mlz 660 [C()fsAu(7-0ST) + II] +, 493 + II] +, 
+ 2Ht, 198 + . (Found: + H] +, 297 
FsNO 47.4; H, 3.8; N, 1 %). FT-IR, 
spe:ctnoscoplC, conductivity and DSC data are presen.tea in Tables 3A 1-4, 




1 mmol) was dissolved dry diethyl ether (15 
a 50 cm3 dry, two-necked, round-bottomed which was 
septum and connected to a nitrogen inlet. 1.6 M n-Butyllithium (0.40 
with a rubber 
, 0.64 mmol) was 
added Ii.,.", ... ",,.,,,,,,,, via a cooling the to °C (ethyl cryostat). 
The real.t:llm was stirred for 1 hr at that tenloerau The rubber ;:''''IJI,'''U'' was replaced 
with a dropping funnel and dry CIAu(tht) (190 
ether (15 em3), was added via dropping funnel. 
6-13 
0.593 mmol), in diethyl 










and then warmed up gradually to -30°C over 45 mIn, with continued stirring at that 
temperature for 15 min. The reaction mixture was then warmed up to 0 °c over 10 min and 
stirred at that temperature for an additional 35 min before quenching the reaction with a few 
drops of water. Reaction progress was monitored via TLC, using dichloromethane as the 
eluent. Anhydrous magnesium sulfate was added and the solution was then filtered. The 
solvent was removed in vacuo at 0 °c, leaving behind the white product (262 mg, 86 % 
yield), which was dried under high vacuum for 2 hrs at 0 °c and used without further 
purification to make complex 13. FT-IR spectroscopic data i~ presented in Table 3A.I and 
11 "h I" 1 18 20 compares we Wit Iterature va ues. ' 
Synthesis of 2-BromotetraJluorophenylgold(7-0ST), complex 13 
Complex 12 (190 mg, 0.370 mmol) and yellow 7-0ST (110 mg, 0.372 mmol) were added to 
a dry, empty Schlenk tube under a N2 atmosphere. Dry toluene (5 cm3) was added via a 
syringe at 0 0c. The mixture was warmed slightly to 54°C and then stirred at that temperature 
for 30 min. Reaction progress was monitored via TLC, using 50 % ethyl acetate I 50 % 
hexane as the eluent. On cooling the solution to 0 °c, a light yellow solid crystallised from 
the solution. The mixture was further cooled in the freezer to -25°C, with the addition of 
hexane to promote further crystallisation. The light yellow solid (157 mg, 59 % yield) was 
collected on a Hirsch funnel and washed with cold toluene (2 cm3) and pentane (3 x 5 cm3). 
The product was further purified by column chromatography analogous to complex 3. Some 
decomposition still occurred while passing product through the column. The solvent was 
reduced in vacuo and cooled to 0 °c with addition of hexane to form white crystals (104 mg, 
39 % purified yield), which was collected on a Hirsch funnel, washed with pentane (3 x 5 cm 
°C) and dried for 4 hrs under high vacuum. FAB-MS: m/z 296 [7-0ST + Ht, 197 [Aut. 











IR, IH_, 13C_ and 19F_NlVIR spectroscopic, conductivity and DSC data are presented in Tables 
3A.1-4, 3A.6, 3.7 and 3.8. 
Synthesis of 4-Bromotetrafluorophenylgold{tht}, complex 14 
1,4-Dibromotetrafluorobenzene (248 mg, 0.806 mmol) was dissolved in dry diethyl ether (15 
cm3) in a 50 cm3 dry, two-necked, round-bottomed flask, which was fitted with a rubber 
septum and connected to a nitrogen inlet. 1.6 M n-Butyllithium (0.50 cm3, 0.80 mmol) was 
added dropwise via a syringe after cooling the solution to -72 °c (ethanol! dry ice slurry). 
The reaction was stirred for 1hr 40min at that temperature. The rubber septum was replaced 
with a dry dropping funnel and dry CIAu(tht) (180 mg, 0.562 mmol), suspended in diethyl 
ether (15 cm\ was added via dropping funnel. The reaction was stirred for 2 hrs at -72 DC, 
and then warmed up gradually to room temperature over 1 hr, with continued stirring. The 
reaction mixture was then stirred at room temperature for an additional 10 min before 
quenching the reaction with a few drops of water. Reaction progress was monitored via TLC, 
using dichloromethane as the eluent. Anhydrous magnesium sulfate was added and the 
solution was then filtered. The solvent was removed in vacuo at 0 DC, leaving behind the 
white product (268 mg, 93 % yield), which was dried under high vacuum for 3 hrs at 0 °c 
and used without further purification to make complex 15. Found m.p. 103°C (dec.). FT-IR 
spectroscopic data is presented in Table 3A.1 and compares well with literature values. 18,20 
Synthesis of 4-Bromotetrafluorophenylgold{7-0S1}, complex 15 
Complex 14 (119 mg, 0.232 mmol) and yellow 7-0ST (69 mg, 0.234 mmol) were added to a 
dry, empty Schlenk tube under a N2 atmosphere. Dry toluene (3 cm3) was added via a syringe 
at 0 DC. The mixture was warmed slightly to 56°C and then stjrred at that temperature for 1 











eluent. On cooling the clear solution to 0 white crystals formed from solution. The 
mixture was cooled the freezer to °C to promote further crystallisation. 
white (120 72 % yield) was on a Hirsch and washed with cold 
toluene cm3) and (3 x 5 cm3). Complex 15 was purified and dried in an analogous 
manner to complex 13, yielding yellow crystals (76 45 % yield). F AB-MS: 
296 + Hr, 197 . (Found: 3.5; N, C26H25AuBr reqUIres 
43.4; H, 1 %). FT-IR, and 19F_NMR spectroscopic, conductivity and 
data are in Tables 1-4,3A6, and 3.8. 
Synthesis of 11-4,4 '-octqfluorobiphenylgold(tht), con'llJu.~xes 16 and 17 
4,4' -Dibromooctafluorobiphenyl (208mg, mmol) was dissolved in dry diethyl (30 
in a 50 cm3 two-necked, round-bottomed which was with a 
septum connected to a inlet. 1.6 n-ButyHithium (0.60 cm3, 0.96 mmol) was 
added dropwise via a after cooling the solution to °C (dry ice/ethanol slurry). The 
reaction was for 1hr OSmin at that temperature. The rubber septum was replaced a 
dry funnel and dry CIAu(tht) (300 0.936 mmol), suspended in diethyl ether (15 
cm3), was added via dropping funneL reaction was for 30 min at °C, and then 
-----J to 0 warmed up 
quenched with a 
ethyl acetate / 50 
the diethyl 
with continued The reaction was 
drops of water. J."..,CI."'LIVU progress was monitored via with 50 % 
hexane used as an eluent. Anhydrous magnesium was 
solution was then filtered into a Schlenk tube. solvent was 
vacuo at 0 °C to 1.S , 7.5 em3 .. .., ............. was added and the mixture was CO(Jtled to -25 
overnight, in the crystallisation of a white product (46 complex 16. 
liquor was removed via a and placed another OJ,..,,,,,,,,,,>- The solvent was again 
"".11.'''''''" in vacuo at 0 to 1.5 hexane was added and the UU/"~""l 
6-16 










resulting in the crystallisation a yellow product (12 mg), complex 
"""a~, .. 'U'u .. ,..,,, .... '" was suspended in dichloromethane and filtered. The solvent volume was 
on aU\.ULl\.111 of U,",~'au.,;;. a 
omlDI~:x 16 was dried under high vacuum 
(88 mg) crystallised, complex 
(134 mg, 34 % cumulative yield) 
and without further purification to 18. Complex 17 (12 5 % yield) 
was due to the introduction of some water during addition of CIAu(tht}. 
(dec.) for complex 16. Literature °C (dec.).17 
data for complex 16 are ...... "",""",.,'T"'''' in Tables 3A 1 and 3A5 and ..... VAAL"' .... well 
values. 18•2o FT -IR spectroscopic data for complex 17 is presented Table 
1. 
Synthesis of p-4, 4 '-octajluorobiphenylgold(7-0ST), complex 18 
Complex 16 (88 mg, 0.102 mmol) and (66 mg, were to a 
empty Schlenk tube under a N2 atrrlOS1)helre Dry toluene (5 cm3) was 
at 0 The mixture was warmed slightly to 40°C and then stirred at that teI1np€~raltu for 1 
hr. 7 cm3 Dry toluene was then 
heated to 75 
monitored via 
via a syringe at that temperature. 
at that temperature for 30 min. 
acetate / 50 % hexane as 
mixture was 







for 4 hrs under 
precipitation. The toluene solution was removed via a syringe and 
% yield) was dissolved, 
°C with the addition 
collected on a Hirsch 
vacuum ........... ·· ... v ... 'u. 
heating, in dichloromethane, 
yellow solid (53 mg, 40 
with hexane (3 x 5 cm °C) 
+ , 198 [Au + . (Found: 48.9; H, 3.9; N, 2.4 











spectroscopic and are pre:senlted 
6.5 Synthesis of RAuPPh3 COlnDlleX4l!S 
Synthesis ofmethylgold(pPh3}, LUIJ'IU"~"", 
and 3.8. 
White CIAu(PPh3) (0.200 0.400 
Schlenk tube wrapped in aluminium 
"'''''''1'''"'''''''''''' in dry diethyl ether (3 cm
3
) in a 
and cooled to -10°C (ice / methanol 
, 0.60 mmol) was added via a syringe. slurry). l.OM Methyllithium diethyl ether (0.60 
The reaction mixture was stirred for 35 min at 
monitored via TLC (30% ethyl acetate170% 
hydrolysed by addition of water (3 cm\ 
and the water layer was washed with diethyl 
fractions were dried over anhydrous ma:gne:SlUm 
celite and the solvent was evaporated in vacuo to 
The product was recrystallised from 
temperature, with reaction progress being 
The excess methyllithium was 
a 
water layers were separated 
combined organic 
solid (0.109 g, 
through 
% yield). 
and from toluene slow evaporation at room tenlperau 
as colourless cubic 
as colourless rectangular 
VA"'""""', Found m.p. 176°C (dec.) with an &>v,""1"h,,,,"rrn, reflected in a 
Literature m.p. 175°C (dec.) from acetone or 1 
from benzene/pentane,24 172-174 °C (dec.) from benzene/petroleum 
(dec.) from diethyl ether/pentane.26,27 (Found: C, 48.2; H, 3.7 %. 
48.1; 3.8 %). FT-IR" IH_ and 13C_NMR spectroscopic data are presenltea In 1 
and 4A.l 
Synthesis of ethylgold(pPh3}, complex 2fi
1,26,28 
White CIAu(PPh3) (0.199 g, 0.401 mmol) was suspended in dry diethyl ether cm]) in a 











slurry). 0.15M EthyHithium , 0.60 mmol) was a syringe. The 
reaction mixture was stirred for 30 min at that temperature. A .cream solid (0.209 which 
contained some impurities was obtained following a similar work-up procedure as used 
complex 19. The product was crystallised from ether/hexane at -20°C, forming 
colourless crystals (0.082 42% yield). Found m.p. 148°C (dec.). Literature 150-1 
(dec.) from ether/hexane,28 134.5-1 °c (dec.) diethyl to 
130°C from diethyl ether?l (Found: 49.0; 1 C2oH20AuP requires 49.2; H, 
1 %). ~ IH_ and 13C-NMR spectroscopic data are presented Tables 4.1 1-2. 
Synthesis of n-propylgold(PPh3}, 2126•27 
White CIAu(PPh3) (0.233 g, mmol) was suspended in diethyl 
Schlenk tube wrapped in aluminium under N2 and cooled to -6 
(3 cm3) in a 
/ ethanol slurry). 
0.45M n-Propyllithium in diethyl (1.6 , 0.72 mmol) was added a The 
reaction mixture was stirred Ihr 35min at that temperature. A white solid (0.094 40 % 
yield) was pure without further recrystallisation was obtained following a 
similar work-up procedure as us d for complex 19. Found °c (dec) Literature 
m.p.77.5-79 (dec.) from diethyl ether/pentane?6,27 (Found: C,50.5; %. 
requires 50.2; H, %). ~ IH_ and 13C_NMR spectroscopic data are presented in 
1 and 4A. 
Synthesis ofn-butylgold(PPh3}, complex 
White CIAu(PPh3) (0.202 mmol) was suspended in dry diethyl (3 cm3) in a 
Schlenk wrapped aluminium foil N2 and to -12 / ethanol 
n-Butyllithium hexane cm3,0.60 was added a syrmge. reaction 











was dried at 0 °C was obtained following a similar work-up procedure as used for complex 
19. Reported as an oil literature?8 (Found: 
4.7%). IR, and 13C_NMR spectroscopic data are presented in 
Synthesis of n-pentylgold(PPh3), complex 23 
Method 1 
White CIAu(PPh3) (0. 0.362 mmol) was 
Schlenk tube wrapped aluminium foil under 
n-Pentyllithium ether (1.00 
dry diethyl 








yield) which became 
work-up procedure as 
brown while being dried at 0 was obtained following a similar 
complex 19. Elemental analysis was recalculated on the basis 
n-decane being nrplilPnt in a proportion 10% ., ..... u. .. ", (section 
H, 5.5 %. lC lOH22 requires 5.2 %). IR, 
spectroscopic data are presenlteO in Tables 4.1 and 4A. 
Method 2 
CIAu(PPh3) (0.039 0.074 mmol) was " .... "'u .... nu .... u diethyl ether (0.7 an 
tube wrapped aluminium foil under N2. 0.88M n-Pentyllithium in diethyl (80 
IJdm3 , 0.070 mmol) was by syringe. The NMR was shaken occasionally over a 
period 2hr 30min. 
em3) was added 
was submitted 
on IH_NMR spectrum). 
and then heated at 50 
ether was removed in vacuo to give a white solid 
The NMR tube was sealed under vacuum. 
and 13C-NMR soe:ctr'OS(x)OlC analysis (qualitative 
solution was subsequently at room temperature 











after each interval (section 4.3.3). 
Synthesis of n-heptlygold(pPh3}, complex 24 
White (0.208 was suspended dry diethyl 
Schlenk tube wrapped in aluminium foil under N2 to °C 
0.29 M n-Heptyllithium in diethyl (2.00 cm3, 0.58 mmol) was added a 
(3 cm3) in a 
slurry). 
The 
was stirred for at that temperature. A cream solid (0.184 g, 83 % 
yield) which was washed with x 5 cm3) was obtained following a work-up 
procedure as for complex 19. Complex 24 was from 
as colourless crystals, but decomposed to a viscous oil while on high 
vacuum 2 Found m.p. 64 IH_ and 13C_NMR spectroscopic are presented 
Tables 4.1 
6.6 Unsuccessful syntheses 
Attc~mfj~ted svnithe,'I'ls of IAu(vnlpy) 
Dry acetone cm3) was cooled to (ethanol I dry bath) in a Schlenk tube under a N2 
atmosphere. Complex 2 (37 0.1 mmol) and (99 mg, . .. ..... ~., were 
and the realctloln mixture was 
vacuo (ensuring that 
white residue. When dichloromethane 
for 1hr 30min at that temperature. acetone was 
temperature did not above -10 °C) leaying behind a 
cm\ to was added order to extract 
the product, the solution immediately discoloured to a purple. After the SOI1LltiOln 
behind trace was yellow colour. The dichloromethane was ... "'''''''', ... " in vacuo, 
amounts 
cooling bath in 
ofa 
to run a 












cornpu~x 6 (50 mg 0.095 mmol) and white (80 0.482 mmol) were placed in a dry 
Schlenk tube under a N2 atmosphere. Dry acetone (10 cm]) was added via a syringe and the 
realCtlOln was stirred at room temperature for 40 The acetone was removed vacuo leaving 
oenlma a yellow residue. dichloromethane (10 was added some dissolution of 
resulted in a solution with a grey ~""~V""I~LV.U" which was removed via filtration. 
filtration, the solvent was orange in colour and was removed in resulting in a 
yellow solid (18 mg), which was dried under high vacuum. IHMNMR confirmed that the yellow 
was 7-0ST. 
Attempted synthesis of phenylgold(tht) 
Dry diethyl ether (15 was added via a 
fitted with a dropping funnel and condenser 
to a three-necked round-bottomed flask 
atmosphere. -'-'u .......... . 
was added as 
, 0.027 mol) was 
with shiny surtaoes to the diethyl 
(413 mg, 
Bromobenzene 
in diethyl (10 cm]) in the dropping funnel and the 
solution was added dropwise at room temperature to the lithium over a 30 min 
The reaction was to 0 °c and at the temperature 15 min. The 
was warmed to room temperature under a N2 atrrloSI)nelre The 
molarity of the phenyllithium solution was determined to be 0.85 M. 1-] White CIAu(tht) (146 
mg, mmol) was suspended in dry diethyl (3 cm]) diethyl ether in a Schlenk under 
a atmosphere. The mixture was cooled to O°C and phenyllithium (0,60 , 0.51 
mmot) was added. The immediately and was 











Attempted VEnn'",.',,;, oj phenylgold{7 -OST) 
186 mmol) was dissolved dry (4 
a atmosphere and cooled to -72°C (dry I 1.8 
cyclohexane I diethyl ether (0,15 cm3, 0.27 mmol) was added to solution 
and the reaction was stirred at that temperature for 1 While 
up to room temperature, the solution became purple and metallic was aer)osl.tea 
on Schlenk tube. 
tten"lJtt~d synthesis oj methylgold{tht) 
CIAu(tht) (0.214g, 0.668 mmol) was suspended in dry diethyl 
wrapped in aluminium foil under N2 and cooled to -72 (dry 
1 Metyllithium in diethyl ether 0.00 cm3, 1.30 mmol) was 
reactlcm mixture was stirred for 30 min, resulting 
Dre~Cmll[a[e and metallic gold. 





mmol) was suspended in dry diethyl ether (10 cm3) in a 
.... "" ... .,,, ....... foil under N2 and cooled to -72 °C (dry ice I ethanol 
diethyl ether (0.60 cm3, 0.96 mmol) was added a 
by yellow 7-0ST (0.164 g, 0.555 mmol). The reaction mixture was 
to gradually warm up to room temperature over a period of 1 hr. During the course of 
a was observed and metallic gold was deposited on the of 
tube. The excess metyUithium was hydrolysed by addition of saturated 
ammonium chloride solution (3 cm3), A yellow solid (0.080 g) was obtained following a 











" .... "",,..t ... ,,, confirmed that the yellow solid was ...... "" ... '" 7-0ST. 
tf:;m~ute'u synthesis of perfluorododecylgold(tht) 
White perfluorododecyl iodide (0.401 
in a 50 cm3 dry, two-necked, 
septum and connected to a 
mmol) was added dropwise via a 
The reaction was 
solution become 
funnel and dry CIAu( tht) (180 
mmol) was dissolved in 15 cm3 dry diethyl 
OUllO-IOottonleo flask, which was fitted with a rubber 
1.6M t-ButyHithium in hexane (1.80 cm3, 1. 
the solution to -72°C (dry 
On addition of t-butyllithium, 
septum was replaced with a 
mmol), suspended in diethyl was 
via dropping funnel. The rea,ctlcm was stirred for 15 min at up 
gradually to -30°C over Ihr 05min, with continued stirring. The reaction mDrtul'e was then 
stirred at that temperature an additional min. The cooling system was then replaced 
with ice and the reaction uU'" .... 'I''' was stirred at 0 °c over a 30 before 
quenching the reaction with a drops of water. The brown solution "'''',",QU.'''' progressively 
black and purple 
the sides of 
was then filtered, 
°C, leaving behind a 
at 0 °c, with some metallic deposited on 
magnesIUm "UlJ,Q'''' was 
a yellow solution. The solvent was 
solid (338 mg ) which was dried 
the solution 
in vacuo at 0 
vacuum for 2 hrs at 0 
°c. Reaction ....... ,... ..... ""'"" was monitored via lLC with dichloromethane used as an elu((nt and 
indicates that the solid consists of the desired (similar Rf value to the 
perfluorophenylgold(tht) complexes 10, 12 and 14) as as two other decomposition 
on being removed from products. Unfortunately the brown solid decomposed spolntaneC)USI 
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